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SIR, 

THE generous encouragonent tim 
ftantly given byv(nif Hffyn\ i'tn 
genitors to thofe who nave i:iuUuV(rtitn\ 
to make any Improvement* in t^at uUiu\ 
arts and iciences, make« me dxiUf tuyU'U 
that Your Royal HighndV^ wlut y}i/i' im U 
early hopes of inheritfn^ all ffirjr vUlm^f 
will be gradouHy plcaf^/l t/> htmmit |Im< 
following treati/e wifh V</<if VAUmiA^t , 

My aim in publi/Vunff ttfihUtOitwiii/W 
fortredb may be l^jilt in tUr. \^i\ hini 
cheapeft manner* I m^y vtuintf Ut iitVp 
that a wodc of thU kind lidJ^ U/^n IiIiIm H/i 
wantii^ in the Rn^lifl/ \nw^m\t*', ; ari/l f 
may add, that the iulj/e^x h twAi ir-rtnin^ 
\y of tm^oftance ; cxpcrwtv/r \mm<L Ujo 
c^ten uewn the ^ttal tt&/>« which the 
negled of ther artof FV/rtificadcn may pro* 
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duce, as well as the advantages arifing to 
OUT prudent neighbours from the .gr^t 
encouragements they give to this branch 
of Knowledge. 

Your Royal Grandfather, ever attentive 
to the public fecurity and welfare, moft 
gracioufly inftituted the Royal Academy of 
Artillery for the inftru6tion of young gen-: 
demen in the Art of War. As it is my 
duty, fo it has ever been my care, to facili- 
tate their ftudies : and if my labours (hould 
be thought to deferve Your Royal High- 
nefs*s attention and approbation, it would 
be an inexpreflible fatisfadtion to me, who 
think my felf happy in every opportunity of 
{hewing the profound refped with which 
lam, 

SIR, 

Tour Royal Highness*s • 
ntoji humble, 
fmfi dutiful, 
and tiioji obedient fervam, 

John Muller. 




PREFACE. 



WH E N a fortrefs- is to be built, to choofc 
fuch a fitaation as will anCwer the intent 
in the bcfl manner, to adapt the works 
properly, and to ufc no more than are n««flary, to 
make from their plans and profils an cltimate of 
the quantity of mafonry requisite, and of the earth 
to be removed, to trace the plan, on the ground, 
to lay the foundation in any kind of foil, to com- 
pleat the walls, ramparts, and all the military build- 
ings, fuch as draw-bridges, town-^ates, powder- 
magazines, barracks, flore-houfes^ cazemats, and 
ially-ports ; thefc are the fubjefts of PratSical Forti- 
fication, and what we propofe to treat of in the foU 
lowing work, together with the manner of build- 
ing ftonc- bridges over large rivers, piers for inclo- 
iing harbours, whar^, quays, fluices, and aqueduds. 
As noTreatife of this kind has appeared yet in 
EngliQi, I thought it would not altogether be ufe- 
lefs to the public, if 1 Qiould give, in a plain and 
eafy manner, the" conftru£tion and executive part 
of the works belonging to a fortrefs, and add what- 
ever might contribute to the improvement of this 
a 3 ufeful 
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ufeful art, fuch as the theories contained in this 
work, A^ich it has been my endeavour to render 
as general, and as fimple as the nature of the fub- 
je£l will admit of, that they might extend to all the 
different cafes which may occur, and at the fame 
time be with eafe adapted to common practice. 

It being of importance to know the proper thick- 
nelles of the walls which fupport earth, fo that 
they may be flrong and durable, yet not more (b 
than is neceffary; therefore this work begins with 
a general theory of them ; which being deduced 
from the leaft exceptionable principles, is applica- 
ble in all kinds of foils and cafes: for the common 
fuppofition made by fome gentlemen of the Aca- 
demy of Sciences at Paris, and by Mr. Belidor^ 
thi^t the natural flope of earth not fupported by a 
wall forms aA angle with the horizon of 45 de- 
grees, is true in one particular kind of foil only. 
This is plain to res^fon, from the different tenacities 
of different foils, and may be verified by an eafy 
experiment J which will ferve likewife as a pradical 
method for finding the angle formed by the natural 
flope of any kind of earth. 

Make a bank of newly removed earth about ten 
dr twelve feet high, and cut it vertically on one 
fide; this bank being lefk flanding during eight or 
ten months in the dampefl feafbn, will form the 
angle required. It is true, the particles of earth 
being heterogeneous, they will not form an even 
farface, therefore that angle will vary in different 
places; but as in praiftice no geometrical exa£tnefs 
can be obtained, nor is required j if that angle 
comes within five degrees of the real one, it is fuf- 
ficient ; for that quantity, more 6v lefs, makes little 
difFcre'nce-in the thicknefs of walls, as may be feen. 

in 
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in the table ofgencral mle6» Since then ^d caufet 
a greater preflure, and clay aleT&one, than common 
earth ; to make the walls in each cafe of an cquai 
ftrength would endanger tbofe which fvpport land 
of failing down, and there would be more work 
than need be in thofe which fiipport clay : heiides, 
as ftone is fpeci£cally heavier than brick, it is evi« 
dent, that ftone walls do not require {o great a 
thicknefs as thofe made of brick, yet the gentlmieii 
mentioned before, have made no diftinifliQn be^ 
tween the one and the other in their iheoriys* 

As fi>me of my readers nuy not ondet ftand alge# 
bra, which I have been obliged to nib, in order to 
make the theory general ; therefore to reitder thii 
work ufeful to every reader, I have therefore added a 
table, containing general rules for finding the di^ 
menfions of ftone and bf ick walk of any beightj 
according to the different angles made by the natCM 
ral flope of earth with a vertical fe£tion, from 80 
to 30 degrees for every c degrees interval, and .ac<* 
cordiAg to the different ilopes given to walls on tb^ 
outlide. The natural flope of common earth wbl^ 
king nearly an angle of 45 degrees, and being the 
cafe that moft frequently happens in pradlicei I 
have computed four tables of dimenfions upop diis 
fuppofition, two for ftone wails, and two for brickr 
ones, from t^n to fifty feet high, with or without 
parapets : thefe tables contain the thickneftes above 
and below in regard to the different flopes giveh to 
the walls on the outfide, together with the dimen^ 
fions of the counterforts ; in order to fave a builder 
the trouble of computing thein himfelf, although it 
be very fhort and eafy. 

Since fortreftes are moftiy buAt at prefent with 
demi*revetementS| that is, they are partly walled, 

a 4 am^ 
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and partly turfed on the outfide ; I imagined that 
tables containing the dimenfions of this kind of 
walls would alfo be very ufeful^ and fo much the 
mcure acceptable to the reader, as no author has 
given any' before ; this was not owing to any belief 
that they were not ufeful, but rather to the diffi- 
culties in conflrudting them : for as the height of 
the walls and that of the earth above them, form 
an infinite number of cafes, to comprehend them 
all in a table would have been impoffible : therefore 
the only thing that could have been expeded was 
to give tables of their ratio's, as we have done. 
• That I might omit nothing ufeful in pradice, 
I have given problems of all the difl^rent profits of 
walls which nave hitherto been ufed upon various 
occafions^ and have compared the quantity of ma-« 
fonry that each of them requires, in order to know 
which is preferable to the reft ; whereas the French 
authors, who are the only ones that have written 
upon this ful^edt, have implicitly followed the 
profile of Mr. Fauban^ as being univerfaliy ufed by 
all the engineers in France^ without confidering 
whether it might not be changed for another better 
Adapted to the nature of the fubjedt ; whereby they 
have been reduced to the neceility of making their 
computations fo very operofe as they have done ; on 
the contrary, I confidered that as the fedtions in the 
fame kind of earth are always fimilar, by making 
the 'profiles likewife fimilar, the operaticms would 
become very eafy; fince the thickneiles of thofe 
walls which have the fame ilope would then be to 
diieir heights in a conftant ratio» 

I proceed next to the theory of arches, which is 
efteemed one of the moft difficult problems in me- 
chanics ; 
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chanics ; for tho* feveral eminent mathematicians 
have attempted to folve it, yet in my opinion, not 
one has entirely fucceeded ; for whoever reads their 
performances of this kind, virili find whenever their 
general equations are applied to any particular ex- 
ample, that nothing but abfurdities follow from 
fome, and fuch dimenfions from others, as by no 
means anfwer the purpofe. Some of them have 
fuppofed that all the arch-ftones were quite fmooth 
and poliflied, laid without any cement or mortar ; 
and others, that the part of the arch between the 
key-ftone and the hanches was as it were one con- 
tinued ftone, and the other part between the hanches 
and the fpring of the arch, joined to the pier as if 
all together formed likewife one ftone : but as both 
thefe fuppofitions are erroneous, and contrary to 
what happens in arches, it is evident, that the con- 
clufions drawn therefrom cannot be juft. 

I have considered the preflure of every arch-ftone 
feparately, both in regard to its weight and the bb- 
iiquity of its dirediion, and have fuppofed them to 
be laid in fuch mortar, as is neither hard enough to 
make the arch like one continued ftone, nor yet fo 
fbft as that they may Aide with eafe upon each 
other : from thence, and (bme known principles of 
mechanics, it is eafily proved, that the fum of the 
preflures of all the arch-ftones contained in half the 
arch is equal to the preflure which the whole 
weight would make, were it placed in the center 
of gravity of half the arch; whereby the folution 
of the problem has been reduced to that of finding 
the centers of gravity in the feveral figures of which 
arches are compofed, which centers are found in 
the mod fimple and eaiy manner that the nature 

of 



% PREFACE. 

of thte fubjeA wUl admit of; and the folutioft of 
the problem, whereby the thicknefies of the piers 
are founds is contained in a very fimple quadratic 
equation. 

It has hitherto been imagined, though without 
any foundation, that an elliptic arch is weaker, and 
pFe0es the piers with ft greater force than a circular 
one : the reafbn which authors pretend to givt for 
this fuppofition is, that all the joints of a circtitar 
arch when produced meet in the fame point ; from 
thence they erroneoudy conclude, that it is the 
ftrongeft ; without confidering that all low arches 
require lefs mafonry than thoic which are higher, 
and that the increafe of force againft the piers arifing 
from the obliquity of their diredlions, is dimini(hed 
more in proportion by the lefler quantity of weight 
which they fupport 

In the probletm given of the feveral kinds of 
arches, it has been found, that the thicknefs of the 
piers are nearly the fame in all arches of the fame 
width I though thofe of circular ones are rather 
greater than any others, but yet not fo much a» 
deferves tp be taken notice of This appears alfo 
from the common principles of mechanics ; fince 
the higheft arches, which are mod loaded, have the 
diredions of their preiTures lefs oblique ; and on 
the contrary, the loweft which are leafl: loaded, 
have the diredtions of their preflures more inclined. 

This being demonftrated, many difficultitt 
which often arife in the conftrudtion of arches, are 
eafily avoided : as for exataple, when a powder ^ 
magazine built in the common manner would be* 
come fo high as to be fcen from without, it may 
be made with an elliptic arch: when cazemats, 

- fally- 
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|alIy-port$, or any other fubterracebus buildings 
are to be built under low mnaparts^ and there is not 
a fufficient quantity of earth to cover them if the 
arches were made circular, they may. be made el^ 
liptic, or with arcs of circles. It is true, that el«- 
liptic arches may appear not fo ftrong in powder 
magazines as circular ones, and of confequenc^ 
lefs able to refift the (hock of the (hells thrown 
upon them : but if it be ccmfidered, that they are 
more curvated at their hanches where they are thin« 
neft, and that the middle of the arch, which is its 
weakeft part, is fufEciently<:overed by mafonry to 
apprehend any danger there; it will be found that 
the elliptic arches are full as ftrong as the circular 
ones. 

But the greateft ufe of elliptic arches appears to 
be in the building of bridges, and they feem in- 
deed to be the only ones that are proper for fuch 
works : for when the arches are of a great width, 
the circular fornx raifes the middle of the bridge 
too high above the ends, whereby the draught of 
heavy carriages becomes vecy great, neither does it 
appear {o well to the eye, and requires much more 
mafonry than is ncceHary ; to which may be added, 
that this great weight requires larger foundations- 
for the piers, and often caofes them to fink when 
the foil underneath is not very hard and fblid, as 
eocperience has fufficiently ibcwn. 

I do not know « what can excufe an archltedt, 
who makes ufe of circular arches in bridges, when 
it is known that they require fo much more ma- 
fonry than is neceiTary ; fince an elliptic arch is as 
eaHly defcribed upon boards with a ilring about two 
points as a circular arch about one^ neither is there 

any 
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any greater difficulty to trace the joints in one thail 
in the other, nor in the making patterns for cutting 
the arch'ftones: therefore the pretended difficulties 
which fome builders alledge, to be met with in the 
conftrudlion of elliptic arches^ are frivolous and 
trifling, in* comparifon to the many advantages 
they have over all others. 

If the arches of fFeftminfter" bridge had been 
made elliptical, and fo as that their heights had 
been two thirds of wLat they are now ; then the 
great or middle arch, which is 76 feet wide, and 
3 8 feet high, would have been reduced to the height 
of 25 feet four inches only, and the reft in propor- 
tion ; the quantity of mafonry contained in the 
arches would have been diminiihed by one thirds 
and the flope above, which is Ho confiderably fleep^ 
and makes the bridge appear fo difagreeable to thtf 
eye, would have b«:ome quite eafy. 

In order to explain the leveral problems given for 
different arches, and to make their application plain 
and eafy ; I have given examples in numbers o£ 
every one, and for the fake of faving trouble to 
the builders, I have computed a table of dimenfions 
for piers of powder magazines, being from 6 to 24 
feet high, wherein the fhock of the (hells that may 
be thrown upon them has been confidered : as thefe 
dinienfions agree very nearly with thofe which Mr. 
Vauban has ufed in the conftrucSion of feveral ma^ 
gazines; and thefe magazines have never failed in 
any fiege, though many thoufands of (hells have 
fallen upon them, as has been related ; the readet 
may depend upon the dioKnfions we hate given 
in our table* 

The 
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The third fedion contains the theory of timber, 
a fuhjed of no le& importance to an engineer than 
any of the former i fince thereby he is informed, 
how to place every piece in its beft pofition, and 
what dimenfions they ought to have, fo as the 
whole frame (ball be equally ftrong in every part; 
without ufing more timber than is neceflary. After 
having determined the proportion between the 
ilrengch of fcantlings of the fame or diflferent ibrts 
of timbers, placed any how, and which havedif-* 
ferent dimenfions ; I give feyeral tables of dimen- 
fions for girders, joiils, principal rafters, and other 
pieces ufed in buildings, made of oak or fir, adapt- 
ed to large and fmall buildings ; and from thence 
it is ihewn, that the dimenfions given by architeds, 
bear no juft proportion to each other. 

As moft of our architects make the oaken fcant- 
lings of larger dimenfions than thofe of fir, which 
are to fupport the fame weight ; and as Mr. Parent^ 
'formerly of the Academy of Sciences at PariSy is 
iaid to have made feveral experiments on the 
firength of timber, and found that the firength of 
fir fcantlings is to the firength of oaken fcantlings 
of the lame dimenfions, as 6 to 5 : I was induced 
to make fome experiments myfelf, in order to con- 
firm, or (hew the falfity of a fuppfition fo impro- 
bable; by thefe experiments i found, that the 
firength of the weakeft oak I tried, was to the 
firength of the bed fir I could get, as 8 to 7, and 
by comparing the beft of each fort, as 3 to 2 s 
which differs greatly from the praftice of our archi- 
tetSls, and the experiments made by Mr. Parent. 

In regard to the pradice which I have treated 
of in the fecond and third parts of this work fuch 

as 
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as forming a fcbemc for building a fbrtrefi, the 
manner of tracing the works on the groundy the 
preparing and diftinguifhing the materials, the lay* 
mg the foundations, in any kind of foil, the build* 
ing the walls aiid ramparts, together with all the 
military buildings which fall under the diredion of 
an engineer ; we (hall refer the reader for theic to 
the table of contents ; and only obferve here, that 
nothing has been omitted which I imagbed to be 
of any ofe to the young and unexperienced engi«> 
ncer. 

The fourth and la(l part treats of aquatic build* 
ings, a fu1%(3: more copious, and no lefs necefiary 
to be underftbpd by an engineer than any yet men^ 
(ioned : for few fortre^ are now-a-days built but 
what are fituated near navigable rivers, lakes, or 
the fea, for the benefit of trade and navigation : 
ooofequently bridges^ harbours, fluices, and aque^ 
dudts are immediately connedlcd with them» and 
are to be built by the fame engineer who directs 
the works of the fortrefs ; for which rcafon, I have 
endeavoured to affift him as much as the (hortoeis 
of the work will admit of. 

This part begins with the defcription of Aone- 
brrdgcs, where, after having treated of their ittua- 
donSy and other previous precautions to be taken 
before the dimenifions are fi«\ed upon s I give a 
problem for determining the thicknefs of piers of 
any height, when the width of the arch is given ; 
and from thence I have conflruded a table, contain- 
ing the thicknefles of piers from 6 to 24 feet high 
for arches from 20 to joo feet wide, which no 
author has ytt done : It is true, Mr. Btlidor has 
given a rule for finding the thicknefs of piers which 

are 
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are fix feet high : but as this rule ferves in one cafe 
(mly, and is deduced from pra£tice^ and not ground* 
ed on theory^ nor any fubftantial reafons $ it is 
evident^ . that no great dependence can be had 
cbereoo. Then I defcribe various methods for 
laying the foundations^ either with batardeaus, cof* 
fers, or other contrivances, in different depths of 
water, and in any kind of foil ; and alfo the manner 
of carrying on the work from the beginning to the 
entire fini/hing the bridge, with all the fecUrity and 
neceifary precautions \Ve could think of. ^ 

After this I treat of harbours, a fubje£t of great 

importance in a trading nation like this^ to pre-* 

ierve not only the royal navy in ftormy weather, 

but likewife afford an afylum for merchantmen 

when in diftrefs ; though there have been feveral 

built in different parts of Europe in later times, yet 

we are very much in the dark in regard to a me^^^ 

thod whereby we may proceed in all kind of fitua* 

tions. Very few directors of thefe works have 

thought proper to communicate their proceeding 

to the public. Mr. Belt dor is the only author who 

haswritten particularly upon this fubjedl; but as in 

moft parts oi France Aones are in great plenty, 

whereas they are generally very fcarce in the greateft 

part of this country j the method which the French 

chiefly follow can be but of very little ufe here : it 

is trae, this author has given feveral others, that 

may be ufed in mofl fituations, which I have taken 

care to infert in this work, and ' have added fuch 

others as I imagined might ferve upon thofe occa^- 

iions where his could not be applied. 

I have endeavoured to be as particular as poflible, 

in the preliminary enquiries to be made before a 

refblution is taken to fix upon the fpot of ground 

4 for 
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If it be confidercrf, that canals for. navigation 
are made from one end of a country tx) the other, 
over hills and valleys by means of fluices and aquc- 
dudls ; that harbours are formed and cleared from 
the fand and (hingle driven in by the water ; low» 
and marfliy lands dried and made arable^ as like- 
wife dry and barren lands fupplied with a proper 
moifturc to make them fruitful ; countries arc de- 
fended againft a powerful enemy by forming inun- 
dations } towns fupplied with water : and if to this 
we add, the excellent ufe of fluices in the attack 
and defence of places, fo well defcribed by Mr, 
Belidor^ whereby a fortrefs may be made almoft 
impregnable ; whoever confiders all thefe things, 
will find, that no works diredted by an engineer, 
require a more extenfive knowledge, both in 
theory and pradice. 

I have endeavoured throughout the whole 
work to be as diftinft as I could, in order to 
make the fubjedl plain and eafy; bijt as no ihi- 
provements can be made in any branch of learning 
without the help of theory, I fear that many of 
toy readers will not underftand the moft eflfential 
parts of this work, which it was not in my 
power to treat of otherwife ; I would therefore ad- 
vife the learner to begin to ftudy my Elements of 
Mathematics^ which were compofed chiefly for 
military gentlemen, and toferve as an introduction 
to works of this kind. 

As I am fenfible, that for want of being tho- 
roughly acquainted with the Englijh Language, 
many grammatical errors are to be found in this 
work, notwithftanding all the poflible care that 
has been taken ; I hope for the reader^s indulgence 

in this refpeft. 

Tablk 
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SECT. I. 
the Theory '^ WALLS, 

HAVING given the elementary part of forti- 
fication in a former volume, we defign in 
this to treat of the pradUce, that is, when a 
fortrefs is to be built, to ihew how the ficuation is to 
be examined before the plan is made, and the figure, or 
form of the works to be ufed, fixed upon -, fo as to 
anfwer our expectation both in refpefi: to the expences 
and the nature of the fituation ; to trace the plan on the 
ground \ to compute the quantity of mafonry it will 
contain, and the quantity of earth to be removed ; the 
nature and quality of the materials, and how to pre-* 
pare them ; to lay the foundation, whether it be on rock, 
moveable fand, or on any other kind ^f foil \ to raife 
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the ramparts •, to build the gate-ways, powder maga- 
zines, ftore-houfes, cazemats and other under-ground 
works ; In Ihort, to .give the principles and rulci of 
dvery thing relating to military irchiteftur« 5 in the 
plaineft and, at the fame time, the mod compleat man- 
ner that can be defired. 

As the greateft expence which attends the execution 
of fuch works is occafioned by the quantity of mafonry 
required, it is of no fmall importance to know the 
proper thickneffes of the walls in refpeft to their 
height, fo as they may fufficiently refift the preffure of 
^arth they fupport, and at the fame time there may be ^ 
no more work ufed than is abfolutely neceflary, and 
yet to make it ftrong and durable, which is what we 
intend to treat of in this firft fedion. 

Mr. Vauban was the firft engineer who has given 
any rules for finding the dimenfions of fione walls 
which fupport earth. This he did by means of one ge- 
'neral profil, exprefling the thicknefs, from one of ten 
feet to eighty feet high ; and as he had more experi- 
ence than any other engineer, having been imployed in 
the works of above 150 places, a great number of 
which he built new, he would certainly have been the 
beft qualified pcrfon, to give fuch rules, had his 
knowledge in the mathematics and natural Philofophy 
been equal to his experience. But for want of this 
knowledge, fo little regarded by moft practical engi- 
neers, and yet abfolutely neceiiary for making any 
improvement, fome of his profils have been found 
too ftrong and others too weak. 

Some gentlemen of the royal Academy of fciences 
at Paris, have endeavoured to deduce the theory of 
walls, from mechanical principles, in which they have 
fo far fucce^dedi as to lay a proper foundation for 
others to go upon : but not being fufficiently acquaint- 
ed with the pra£lice, they were obliged to have recourfc 
to Mr. VaubafCs general profil, whereby their com- 
putations became very tedious and operofe. 

After 
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After them Mr. BeJidor undertook to explain this 
theory in a more ample manner, in his book called 
La fcience des Ingenieurs^ in order to render its appli- 
cation to pra&ice more eaiy : but as he followed nearly 
the fame method as the former gentlemen, and con- 
fined himfelf likewifc too much to Mr. Vauharfs 
general profil, {lis operations are become not much 
ihorcer than the former : but to make the application 
to practice eafy, he has given two tables^ the one for 
walls with parapets, and the other for walls without 
parapets, from ten to a hundred feet high. 

After having confidered the fubjeft with attention^ 

we found that if the profits were made fimilar to each 

other, the work would be much fhortened. And this is 

found to be agreeable to the nature of the prefTure 

which the earth makes againft the .walls. For the 

fedtions oi the lame kind of earth terminated by the 

flope it would form, if it Were not fupported, will 

foro) fimilar triangles, which therefore are as the 

fquares of their homologous fides, > that is, as the 

fquares of the heights of the walls ; confequently the 

profils being like wife made fimilar and proportional to 

that height, the prefTure and the refiftance, being made 

equal in one, will alfo be equal in all the reft. 

Mr. Belidor and thefe gentlemen, fuppofe the angle 
made by the natural flope of earth to be 45 degrees, 
^which is one cafe only ; for the flope made by clay 
or loam, will certainly be lefs, than that made by any 
other kind of earth ; and it is plain, that thefe flopes 
vary according as the tenacity of the particles is greater 
or lefs : and therefore the tables given by Mr. Belidor 
are not fufficient. 

They have likewife confidered ftone-walls only, and 
as the greateft part of our fortreffes are built with 
bricks, which are fpecifically lighter than ftone, it is 
necefiary to have particular rules for them, different 
from the others. And as «nofl ramparts are at prefent 
built with demi-revetements, their dinaenfions require 

B 2 likewife 
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likewifc particular confiderations : fo that confidering 
the whole extent of this theory, it will be found that 
all that has been faid by the former authors, is no 
more than a foundation for others to go upon. 

Of Counterforts. 

I N building walls that are to fupport earth, buttrefles 
are made behind them at certain diftances from each 
other, which are not feen, as being covered with earth j 
they arc made in view to ftrcngthen the wall againft 
die prcffure of earth, and to favc expcncess for by this 
means there is no occafion to make the walls io thick 
as they otherwifc muft be. Thefe buttrefles, arc called 
Counterforts^ in fortification, and are made of various 
forms. 

Plate I. Fig. 2. Suppofe the trapezium A BCD 
to rcprefcnt the feftion of a wall without parapet j 
then the reftangle DF rcprefents the elevation of 
the Counterfort, which is generally as high or with- 
in a foot, as the wall, and the bafe DG the length; 
and if we confidcr the plane of the wall ; where KXMN, 
rcprefents the bafe of the Counterfort, and NP, their 
diftance from each other, which may vary at pleafure. 

Mr. Vauhan made the bafe K L M N of the coun- 
terforts always broader at the root K N than at the tail 
L M, in the conftant proportion of three to two •, and 
the diftance from the center of one to that of the next, 
1 8 feet : On the other hand, Mr. Belidor would have 
them made the contrary way, that is, narrower at the 
root K N than at the tail L M in the fame inverfe pro- 
portion of two to three ; becaufe the center of gravity 
of the counterfort, being thereby farther from the 
wall, will fupport a greater weight, than thofe mad^ 
by Mr. Vauban-^ they are befides not focafily deftroyed 
by cannon, when the wall is beat down, and fo keei;> 
better up the earth. But as he imagined that the en^ 
2 giaccrs 
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gincers would hardly change an old eftablilhed'praftice^ 
for any other ever fo advantageous -, he computed his 
tables according to Mr. VaubarCs proifil. 

"Wc, on the contrary, make the bafe of our counter- 
forts reftangular, partly becaufe our engineers make 
them ioy and becaufe they are very near as ftrong as 
thoie made by Mr. Belidor \ they likewife bind better 
'With the wall, and the workmanfhip is cheaper and 
eafier ; {o that in the mean, they are better than thofe 
of any other form. 

Inftead of placing the counterforts at the fame di- 
ftance, whether the wall is high or lowi as Mr. Vauban 
does^ wc make their thicknefs K N to their interval 
NP always in. the conftant ratio of unity to three, 
and their length KL or D G, one fourth of the height 
D C of the wall. From this difpofidor^ of the counter- 
forts, the proEIs become (imilar, and their thicknefs 
B C above is in a conflant ratio, with the height D C, 
when the flope A B remains the fame ; as will be feen 
hereafter^ whereby the operations become extremely 
cafy. And this rule is agreeable to the prelTure of the 
earth, which we have fhewn above to be fimilar in the 
lame fort of foil. 

In a wall of ten feet high, the counterforts, according 
to Mr. Vaubarfs general profil, are 3 feet thick and at 
15 feet diftant from each other ; and in a wall of 80 
feet, their thicknefs is 10 and diflance but 8 \ and there- 
fore his counterforts are too far diflant in low walls and 
too near in high ones ; whereas ours may be placed 
farther from or nearer to each other, according as it is 
convenient in praftice, provided the proportions men- 
tioned above are obferved. 

It may be obferved, that the longer the counterforts 
are, the greater force they have ,to refift the prefTure 
of the earths ; but when they are made fo narrow, they 
do not bind fb well with the wall ; for which reafon, 
I would make their thicknefs never lefs than half their 
length. For inflance, in a wall of 40 feet high, the 

B I length 
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kngth of the counterforts will be lo feet, accordiqs 
to the proportion mentioned before: their thickne» 
ought in my opinion, to be nolefs than 5 feet, and then 
their diftances from each other will be 15 feet; but in 
a wall of ten feet high, their length will be two feet 
fix inches j and their thickncfs ought to be two feet \ 
then their interval will be fix ; whereas if they wer^ 
made thinner, they would (land too clofe to one another. 

In order to have a clear idc:j of what follows in re- 
gard to the theory of walls, it is ncceffary to explain 
the fuppofitions, on which its veracity depends. Thus 
we fuppofe that if new-made earth, fuch as in ramparts, 
was not fupported by a wall, the particles would loofen 
frorh each other by the dampnefs of the weather, and 
tumble down fo as to make a flope nearly in a plane 
furface, which plane is called the natural flope of the 
earth ; and is fuppofed to have always the fame incli- 
jiation in the fame fort of foil. 

The fecond is, that the wall is fo well cemented, as 
if it were made of one fingle ftone, as far as its foun- 
dation, fo that, if a fufficient power was applied to any 
part of it, it would in overturning break off near the 
foundation, and would turn in the fame manner as if 
it was compofed of one ftone only. 

The firft of thefe fuppofitions may be proved in 
this manner ; fince whatever obliquity is required for 
one particle to tumble down, the fame will alfo be rcr 
quired for any other of the fame weight and tenacity, 
and therefore the fum of all the particles tumbled down, 
will form a plane furface nearly, which has always the 
fame inclination in the fame fqrt of foil, but will vary 
according as the foil has a greater or lefs tenacity. For 
example, fand will form a greater flope than common 
earth, and this a greater than loam or clay. 

It may be faid, that all the particles of the fame fort 
of foil have not the fame magnitude, as may be fc^n 
fdiftinSly in fand, and therefore what we have faid is 
pot abfolutely true : but though it is impoffible to deter- 

3 ' mine 
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mine this fubjed according to a mathematical ftrI(Stnefs» 
yet it is fufficiently cxaft for common pradlicc^ where 
fo great a nicety is not required, nor neceffary. 

As to the fecond fuppofition, if we confider that the 
wall is always built a twelve month, or ought to be iOt 
before the earth is laid againft it, it has time to dry 
well, before any prefTure is made againft it ^ befides 
fmall branches of wood are mixt with the earth to 
leflen its prelTure: and tho' the wall is jojned as firmly 
to its foundation as in any other part, yet thi^ 13 ad- 
vantageous to the refiftance of the wall ; and the fup- 
pofed eauilibriUm, between the momentums of earth and 
the wall, is not ftri^ly true, nor ought it to be fo ; or 
elfe the wall would foon tumble down, by the leaft 
accident that would h^pcn. 

A$ we do not confine ourfelves, to any particular 
angle made by the natural (lope of earth Sn the en- 
fuing work i we are obliged to repeat here ibme of the 
Problems outof our Elements of Mathematics. 

PROBLEM L 

^ofnd tbepreffure of earth reprefeifted by the /«-' 
an^le CX>T, againft the profit ABCD, of a 
waUt in a direSim perpendicular to the vertical 
tine DC. Plate I. Fig. I. 

AS the profil ABCD, and the, triangle DCT, 
repreleot the bafes of folids which havt the fwie alti* 
tude, the weights of theie folids will be proportional 
to their bafes ; for which reafon we (hall conljd^ the 
anasofthefedion ABCD, and of the triangle DCT« 
as fo many weights, which are proporci{>naT tQ thfin* 
Since the ibm of the nx>mentums of all the p$rt8 is 
equal to the momentum of the whole weight rQ-i^nited 
into its center of gravity by art. ^.67 of our Elem. 

B 4 It 
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It is evident that the weight of the triangle D C T, 
may be corifidered as re- united into its center of gra- 
vity S, and the defcent of that center, when the tri- 
angle Aides along the inclined plane, will be that by 
which its force againft the wall muft be eftimated. If 
therefore SR be drawn perpendicular to the lidc DC 
of the wall ; the whole preffure may be confidcrcd as 
adling againfl; that point R. 

Now becaufe the area of the triangle D CT, is equal 
to 4 D C X CT i if we call T the adtion of the weight 
in the direftion parallel to the inclined plane D T -, and 
W the part ading in the direftion S R perpendicular 
to D C : we have DT : D C : : ^ DC x CT : Tj by 
art 499 ^^ ^^^ Elements ; and D T : C T : : T : W, 
by art. 501 : and the compound of thefe proportions 

gives UTi* : DC X CT : : iDC X CT : W. Con- 
fcquently the angle C D T being given, the preffure W 
will be given likewife. 

COR. L 

Hence if the height D C of the wall be called ^ , D T 
unity, and CT =r j : then will W = ^^j j^ ^, by the laft 
proportion ; and becaufe the aflion along the inclined 
plane D T, is retarded by the cohefion of the parts, 
and it has been found by experiments that a body 
Aiding along a fmooth plane, requires one third of its 
weight to move it ; therefore this expreflion ought to be 
diminifhed in the ratio of 3 to 2, in order to get the 
true preffure : Again, the fpecific gravity of ftone is to 
that of earth as 3 to 2 ; fo that if we will compare the 
weight of the triangle D C T of earth with the weight 
of ftone J the expreflion muft be reduced alfo in that 
ratio : that is, the value of W muft be reduced in the 
ratio of 9 to 4, in order to get | ssaa for the true 
prcffUrc. 

* 

COR. II. 
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COR. n. 

Becaufe the line S R, is parallel to the bafc A D ; DR 
will exprefs the diftance of the direftion S R of the 
preffure againft the wall from the bafe,* or the point; 
fix A^ about which the wall muft turn in order to be 
ovcrfet 5 and fincc DR is -f ^, by art. 425. the produft 
of the weight ^s s aa^ multiplied by the diftance 

— 5 gives --^ssa^^ for the momentum of the earth's 

prelTure. 

NB. It may be obferved that DT is to CT, as the 
radius is to the fine of the angle C D T ; and there- 
fore, s expreflcs the i^ne of that angle, when the radius 
is unity. 

PROBLEM 11. 

T^ojind the tbicknefs BC above ofajlone wall ABCD, 
fo as to reji/l the prejfure of the earth CD T. 

Draw BE perpendicular to the bafe A D ; and let the 
weights (^ P, be fufpended in the centers of gravity 
of the triangle ABE, and the redlangle E C, and to 
be proportional to their areas refpedively. 

Now becaufe the preffure of the earth endeavours to 
overfet the wall in the direftion S R or D A, whilft the 
weights O , P, retain it in a direftion perpendicular to 
A D : thefum of the momentums of the weights Q^ P, 
muft therefore be equal to the momentum of the earth's 
preffure, in cafe of equilibrio. Hence, if BC or 
E D = AC, and AE = na ; the letter n exprefling an 
indetermined but conftant quantity ; then will Q = 
\naa^ ¥=: ax ^ and as die diftances of the weights 
Q^, P, direftions from the point A, are |. A E, A E 
+ i,EP; that is, 4»J, na'\'\x\ therefore 4 «» ^' 
wiU be the momentum of the weight Q^, and naax-\^ 

i ax X9 
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^axXi that of the weight P : the fum of thefe two 
momentums being macfe equ^ to -^ssa^ the momen- 
tum of the earth, and both (ides divided by ^ ^9 ^^^ 

xx^2naX'F\'^nnaa ^=2 ^ssaa^ by addipg 4- 
nnaatx> both fides, the firll will be a perfed fqaare* 
whoie root multipli ed by 9^ and th e other fide by 81, 

N. B. Mr. Cotesy in his Hydroftgtic le(5ltires, page 6|, 
fays that the fpecific gravity of itone is to thatof brick9 
as 2.5 to 2 ; that is, as 5 to 4^ If therefore we increafe 
the firft term 24 jj, under the radical fign in the ratio 

of 4to 5, we fliall have gx'^gna:=: W30 Ji4-27»»i 
for the equation which determines the xhicl^neis aJx>ve 
pf brick walls. 

For example, if the bafe of the wall's flope is one fifth 
of its height, and the flope of earth makes an angle of 

45 degrees; then will »:=45=-^» ^^=^- 04» ^^^ 
sszzz. g: whence multiplying 24 by .5 and 27 by .04 

and extra&ing the fquare root of the fum 1 3.08, we get 

3.6167, from which fubftrafting 1.8, and the diffe- 

rencd divided by 9 gr es ^ == .2018 <i, or xz=:^a 

nearly in (tone walK But if 30 be multiplied by 

.5, .and added to 1.08 ; the fquare root of 16.08, will 

be 4.009 nearly; from which fubftrafbing i«8, and 

dividing the difference by 9, we get x ^=.245 a nearly 

in brick walls* 

PROBLEM III. 

To Jind the thicknefs aiove^ of Jlom walls which 
have count erf or tSy fo as to rififi thefreffure of the 
earth. Fig. 2. 

Becaufc the length DG of the counterforts being 9 
fourth part of the height D C ; the area D F will l?e 
\^aa^ and AD -f- 4^ D G, that is, at -f- » 4j -f- ^ a, 

will be the distance of its dire£lion from the point A • 

there- 
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therefore^ «tf x ^ i » af 4- -rr ^S ^Ui be the momen* 
turn of the counterfort : but as there is aa interval be- 
tween them, and therefore is too much by that inter<- 
yal, or as but one part in four is taken up by the 
counterforts ; this momentum muft be divided by 4^ 
in order tq have T2,iJtf;f-|-VT»^' + tst ^S for the 
true momentum ; which being added, to that of the 
wall found in the laft problem, and their fum being 
made equal to that of the earth, when divided by I- 4, 
gives, $cx'\^2naX'\'Ta9f^{'rnnaa'\^-J^aazas; 
^ ssaa: if we add J^nnaa-^^i^aato both fides, 
the firft win be a perfeft fquare, and the fecond 
reduced under the fame denomination, whofc common 
denominator is 8 x X 64 s then the Brft fide multiplied 
b y its root 72, gives yz x -^ yz n a ^ ^.g a :s: a ^ 

«/i536 ss — 60.75 + ^7^8 ^^ ^^^ ^^^ general equation 
which determines the value of x in ftone walls: But 
if we increafe the firft term 1536 J j under the radical 
fign, in the ratio of 4 to 5, as has been fhewn in the 
la ft problem, we get y2X'\' yina -|- 4.5 ^ r= n 

ffigzos s — 60.75 4- 1728 nn, for the general equa- 
tion which determines the value of ;^, in brick walls. 

Hence it is manifeft, that when the fine j, and the 
value of n arc known, the thickncfs above x^ of the 
wall, will be always exprefiled by parts ofa^ the height 
of the wall ; and from thence, general rules may be 
found for all the different flopcs that commonly are 
given to walls, and for any angle the Hope of earth 
makes with the vertical line D C, as will appear by the 
following examples. 

Let the bafe A E of the flope be one fifth of the 
height D C, and C D T an angle 0T45 degrees : then will 
» rr ^ = .2, and j j =: |^; thdfe values being fubftituted 
into the firft equation gives 776.37 for the quantity 
under the radical fign, whole fquare root is 27.863^ ; 
from which fubftrading the fum 18.9 a, of the two 
known terms, and dividing the difference by 72, we 
get X = .1245^, or X z=:^a nearly in ftone waJIs. 

^ut if we fubftitute the values of / j and n^ into the 

fecond 
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Second equation, we get 068.37 for the fumofthe 
terms under the radical (ign, whofe fquare root is 
gi.iiSa^ from which fubftrafting the fum 18.9^, of 
the two known terms, and dividing the difference by 
72, we get xz=z .i6ga^ in brick walls 

If the bafe A E of the flope is one fixth, and the' 
angle C D T, 45 degrees : then will » = 4» ^^ = Tri 
thefe values being fubftituted into the firft equation 
gives 755*25 for the fum of the terms under the radi- 
cal figh, whofe fquare root is 27.48 1^, from which 
fubftrafting the fum 16.5^ of the two known terms, 
.and dividing the difference by 72, we get x = .i53<?, 
in ftone walls. 

But if the fame values of n and j j, are fubftituted 
into the fccond equation, we get 947.25, whofe fquare 
root is 30.777/1, from which fubftrafting the fum 16.5^ 
of the two known terms, and dividing the difference 
by 72, ^ves x = .198^1, in brick walls. 

Again fuppofe the angle of the flope DT to be 30 
degrees V then will j = .5; and ji = .25 : thefe values 
being fubftituted into the firft equation, give 38*4^ 
for the firft term under the radical fign, and by fubfti- 
tuting. that .value in the fecond equation, we get 480 
for that term^ 

Now if » t;: .2 ; we get '392.37 for the fum of the 
terms under . the radical fign, whofe fquare root is 
1 9. 808, and hence X = ^13^, nearly in ftone walls ; 
and in brick walls, we get 488.37 for the quantity 
under the radical fign whofe fquare root is 22.Q99, and 
hence x =.044 a nearly. 

Becaufe the fum of the fquares of the fine and cofine 
of any angle is equal to the fquare of the radius ; if we 
fubftrad^th'e fquare .25 of the fine of 30 degrees,, from 
the fquare of: .the radius or unity, we fhall have .75 for 
the fquare of iJl^e fine of an angle of 60 degrees. 

Whence, Jubftituting this value into the firft equa- 
tion, we fhall have 1 1 52 for the firft term under the 
radical fign, and byfubftituting the fame value into the 

fecond. 
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fccond, we get 1440 for the firft term under the radi- 
cal fign. 

Now if » =. 2 ; then will 1160.37 be the futn of 
the terms under the fign, whofe fquare root is 34.064, 
and hence x =:. 21 1/7, inilone walls, and i448.37> 
will be the fum of the terms under the fign, whofe 
fquare root is 38.057: and therefore a? =,266^, in 
brick walls. When the flope of earth D T makes any 
other angle, the operations become more tedious ; and 
in that cafe the values of j, are to be taken out of the 
tables of natural fines ; and it will be fufficient to take 
only the three firft numbers. 

But to favc the trouble to the praftical engineers, we 
have computed the values of ^, when the flope is |, 4> 
T» T » for both ftone and brick walls ; and when the 
flope D T of earth makes an angle from 30 to 80 de- 
grees, for every 5 degrees, which we imagine to be 
fufficient, as may be feen in the following table, where 
the fraftional numbers in the firft horizontal column 
exprefs the ratio of the bafe A E of the wall's flope to 
the height of the wall ; the firft vertical column fhcws 
the angles which the dope of earth makes with the 
vertical line D C : and the other numbers give the ratio 
of the thicknefs of the wall ; or the values of x, to its 
height, which numbers are all decimals. 

Example, If the bafe AE of the flope is one fifth 
of its height, and the angle C D T, is 45 degrees ; 
then the number oppofite to 45 and under y, is 125, 
which being multiplied by the height of the wall, 
fuppofe 30 feet, gives 3.750, or 3 feet 9 inches ; fup- 
pofe the angle C D T, to be 60 degrees, and the bafe 
of the flope one fifth ; then the number 211 oppofite 
to 60 and under -f, being multiplied by the height of 
the wall 30 feet, gives 6.330 or 6 feet 4 inches nearly. 

N. B. It muft be obferved once for all, that we 
always take the nea^eft number in all our computa- 
tions. Thus if the fourth decimal is either 5 or above, 

we always increafe the third by unity ^ the fame thing 

is 
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k to be obferved in regard to inches : for in the lift ex- 
ample .33, multiplied hf iiy ffvcs 3.96 inches, which 
ii 4 laches nearly. 



GENERAL 

For Stone walls. 



RULES 

For Brick walk^ 
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1 
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T 
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• 

3^9 
.^78 
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3H 
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T 
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378 
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368 
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250 


301 
283 
256 

235 
202 

'73 
137 
09? 


3»7 
299 

277 

25' 
221 

189 

114- 
672 


235 
211 


320 

296 
267 


55 
50 

45 
40 

^5 
30 


»53 

»25 

052 
013 


205 

169 

087 
044 


230 
198 

'59 
116^ 


251 
219 

179 


271 

2;?5 
195 


«34 


»52 


038 


057 


071- 


090 


106 



As the bafe of the (lope is never lefs than one eighth 
npr greater than one fifth of the wall's height-, we 
thought it needlefs to carry thefe general rules any 
farther, which however may be done by means of the 
• two precceding equations, whenever it is thought nc- 
ceffary. 

To find the general rule for any intermediate angle, 
lay : As 5 degrees is to the difference- between the 
given angle, and that next to it in the table, fo is the 
difference between the numbers in the table oppofite to 
the angles next below and above the given angle ; the 
fourth term added to the nearefl number if above it, 
or fublbraftcd if below, gives the number fought. 
Thus the angle being 53 : fubftradt it from 55, ftib- 
ftraft the number J 53 of 50 from the number 191, 

• * wluch 
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Irhich ^ves 38. Then fay 5 : 2 : : 38 : 15 ; and 15 
fub(lra£ted from the number oppofite to 55^ which is 
191 gives 1 7 6 for the nu mber fought. 

The firft and fecond tablea have been computed 
from the general rules, when the fl(^e of earth makes 
an angle of 45 degrees, which is moft commonly the 
cafe in a middling foiU and is what Mr. Betidar and 
others have fuppofed ; fo that if any error Ihould have 
been committed in thefe tables, they may be corrected 
by the lad rules, and if the height of a wall, not ex« 
prefled in thefe tables, Ihould be given, whofe thick- 
nefs above being required, it may be found. Thus if 
the given height be 35 feet, and the flope one fifth; 
multiply that height by 125, which ^ves 4.375 feee 
or 4 feet and 4.5 inches for the thicknefs required in t 
ftone wall. 

The thicknefs near the foundation, is found by 
adding the bafe of the flope to the thicknefs above \ 
thus when the bafe of the flope is one fifth, and the 
wall 30 feet high, then one firth of 30 is 6, to which 
add the thicknefs above 3 feet 9 inches, and the fum 
9 feet 9 inches will be the thicknefs required. It is 
to be obferved that the length of the counterforts, in 
thefe tables, is always one fourth of the wall's height 
as has bee^ mentioned before, and their thicknefs is to 
their interval as unity is to 3. 

PROBLEM IV. 

^0 find the thicknefs of noalh which have parapets^ 
according to the third profit. Fig, 3. 

In walls with parapets, the flope A B of the wall is 
always terminated by the cordon B, within four feet 
of the topF, and the upright wall BFHI, never ex- 
ceeds three feet in thicknefs; and the part HI, is 
always terminated by the line D C produced, when BC 
does nottxcced three feet. 

If 
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If the upright part I F of the wall was fufficient to 
rcCft the preffure of the earth, above the line BK pro- 
duced ; there need be no other tables than thofe already- 
given ; but as this is not the cafe ; the preffure of the 
earth above the line B K fhould be. computed as well 
as the refinance of the wall I F> in order to have the 
true foiution of the problem : But this would make 
the work more tedious, than is neceflary in pra6ticQ» 
and therefore we fhall eftimate this force in an eafier 
manner, which anfwers full as well. 
. Suppofe the wall AB CD to be carried up quite to 
the top F, and fo as to be fufficiently ftrong to refift 
the preffure of the earth, and from thence the thick- 
nefs at B C is to be found ; then I fay, that the ilrength 
of the whole wall will be fufficient to refill: the preffure 
of the earth. 

For the earth above the line B C, extends not above 
1 8 feet, that is very little farther than the parapet F N 
reaches; and therefore the part IF of the wall will 
nearly be fufficient to refift the preffure of that earth ; 
and as B C is more than it (hould be, were the earth no 
higher than B C, it is plain that the wall thus deter- 
mined will refift the preffure of the earth more than 
is fufficient: befides this agrees perfeftly well with 
Mr. Vaubarfs profil of 30 feet high, that has been ufed 
in above 50 places without having ever failed. 

Now becaufe the height B £ is to the bafe E A of 
theflope as the height BF, or 4 feet, is to the difference 
between the thickncfs at B and that at F ; that is, as 
A E is = » ^, B E == ^ ; we have ^ : « ^ : : 4 : 4 » = 
to the difference required, which therefore being added 
to the thicknefs at F, found in the preceding tables, 
anfwering to the height £ F, gives the thicknefs B C 
required. 

GENERAL RULES. 

• • • 

Jfthehafe AE is one fifth eftbebeigbty BEj then 

■ 4 n 
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4 n becomes .8 or g.6 incbiSy which is to be added to the 
thicknefs in tbefecond Column. 

If A K is onejixth of B E, then will 4 n become $ or 
8 inches y which is to be added to the thicknefs in the. 
fourth column. 

If AR is one feventh of BE; then will 4 n become 
^or y inches nearly ^ which is to be added to the thicknefs 
in thejixth column. 

Laftly^ If A^ is one eighth of BE^^ then 411 becomes 
^j or 6 inches ; which is to be added to the thicknefs in 
^he eighth column. 

By thefe general rules the third and fourth tables 
have been conftrufted, the lengths of the counterforts 
in the tenth column, are the fourth part of the total 
height } though they are never carried higher than the 
cordon : But it muft be obferved, that the numbers in 
the firft column, exprefs the heights, from the founda-; 
tions to the cordon B only ; becaufe the height B F, 
of the upright part is always 4 feet in all walls what- 
Ibever, that have parapets. 

To flicw by a few examples how the preceding ge- 
neral rules are applied ; we fhall fuppofe the height 
£ B of a ftone wall to be 30 feet, and the bafe A E 
one fifth of that height : then adding 4 feet to 30 we 
get 34 feet for the total height £ F ; and the thicknefs 
Tound in the fecond column of the firft table, anfwer- 
ing to 34 feet, being 4 feet 3 inches ; to which adding^ 
9.6 inches by the firft rule, gives 5 feet and .6 of aa 
inch, for the thicknefs required. Mr. Vauban makes 
this thicknefs 5 feet ; fo that ours does not exceed his 
but by half an inch nearly. 

If a ftone wall is 24 feet high, and the bafe of the 
Hope one fixth ; then 4 feet added to 24 gives 28 feet; 
and the thicknefs anfwering to this height in the fourth 
column of the firft table is 3 feet 6 inches \ by adding 
8 inches according to the fecond rule ; then the fum 
4 feet 2 inches will be the thicknefs at B C required. 

C Thus 
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Thus we have given tables not for ftone walls only, 
but likewife when thev are. built with brick ; and their 
conftruftions are deauced from the mod fimple prin- 
ciples, and at the fame time the mod general that 
could. have, been thought of : and thofe general rules 
vve have given for the different angles the (lope of 
^arth make^, are of excellent ufe in praftice : for it is 
cafily perceived, that when the foil is of a ftrong nature, 
ftich as loam or clay, a great deal of mafonry may be 
faved, and when the foil isfandy, how to proceed with 
method and fafety, which cannot be done without them, 
or by guefs only. 

PROBLEM V. 

^0 J^nd the thicknefs above y of afione wall wbicb 
fupports a parapet of earth above tty according 
U the fourth proJU. Fig. 4. 

We fhall for conveniency fake, fuppofc the flopc 
C G of earth to be parallel to D H, that which the 
earth forms } thbugh this is not always the cafe in 
praAice, yet the difference arifing from thence is in- 
conliderabic. . 

• Let the vertical line DC produced, meet the hori- 
zontal one G H in F ; if D C..s= i», D F =:: ^, and the 
jFeft as before-, then if from the momentum of the 
triangle D F H, which has been found in Cor. 2. after 
the firft problem to be ^\ j j ^j, wc fubtrad the mo- 
mentum of the triangle CFG, we fhall have the mo- 
mentum of the earth. 

Now as CF = ^ — a \ the preffure of that triangle 

will be I XjjX^*^^'. hy Cor. i after the firit pro- 
blem \ and fince the dilfamce of the line of (lire^ion 
drawn from the center of gravity of this triangle per- 
t)endicular to DF, from the point fix A, tsDC-f- 

a -4^ 2,' h 
4- CF, or- 5 and the produft of this diftance multi- 

plied by the weight, gives • bi — ^abb-^^a^ 

for 
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for the momentum of that triangle ; whic h therefore 

being fufatrafted from VV ^ J^N gives tV -^ -^ X zabb—ai. 
Now becaufe the momentums of the wall and coun- 
teribrt are the fame here as in the third problem, if W€ 
divide the momentum of ea rth by 4 ^» and multiply 
by 3X^49 we get y6ijjxJTFZIaa which being 
fubfticuted inftead of :the firfl: term under the radical 
fign in the equati on of that problem we get 72 y ^4" 

y2 iTtf -4-4.5 tf=s\/768 JJX3 b b—^aa-^ 6o.yg a a^ 
lyiHnnaa^ for the equation which determines the 
unknown quantity j^ in this cafe. 

When F C becomes = o, that is when there is no 
parapet of earth above the wall ; then m\\ azrz by and 
the lad equation becomes the fame as that in the third 
problem. 

If the bafe A E of the ^bpe is one fifth of the height 
EB; and the angle CdH 45 degrees-, then will 
/I = ,2 and J J = .5 ; and the equation abo ve becomes 

72 X -]- 1 8.9 tf = tjii^xbb — 375-63 a ai in this cafe ; 
but if the bafe A E be one fixth of the height B E, and 
the angle CDH, the fame as before, we get 72 x -^- 

16.5 a = ^/iigib b — 396.75 a a. 

By means of thefc two laft equations, the fifth and 
fixth tables have been conftrufted, which contain. the 
ratio's between the height o( walls and their thicknefs 
above : they (hall be explained by a few examples. 

Let the height of a ftone wall .be to that of the earth 
above it as 3 to 2 •, then becaufe 3:2 ::a : ^a=i 
C F, we get ^ -j- ^- ^ = 4^ ^ = ^ ; whofe fquarc 
being multiplied by 1152 gives 3200; from which 
fubtrafting 375.63, and extrading the fquare root of 
the difference, we get 53.144, from which iubtrading 
18.9 and dividing by 72, gives *y =: .4764 nearly, in 
the firft cafe. 

But if we fubtraft 396.75 from 3200, and extraft 
the fquare root of the difierence, we (hall have 52.945 1 
from which 16.5 being fubtradted, and the difference 

C 2 dividec 
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9 

9 

divided by 72, gives x = .506^ nearly, in the fecond 
cafe. 

If the height of the wall is to that of the earth above 
it, as 4 to 3 ; thea will ^ =: ^ ^ ; this value being fub- 
ftituted into 1152^^, gives 3528, from which taking 
375.63, and extra&ing the fquare root of the remsund* 
er, we get 56.145; if we take 18.9 from this and 
divide the remainder by 72, we fhall have xzsz.giy a 
nearly, in the firft cafe. 

But if we fubtradt 396.75 from 3528 and extraft 
the fquare root of the difference, we get 55.975 ; from 
this fubtra£ting 16.5 and dividing by 72, we fhall 
have X =: .548^ nearly, in the fecond cafe. 

If the walls are built of brick, then by what has 
been faid at the end of the fecond problem, we have 
no more to do than to ihcreafe the firft term under the 
radical fign, in the ratio <Jf 4 to 5 ; then the general 
cguation above, becomes that for brick walls. Whence, 
if the bafe A E of the flope is one fifth of the.height 
B E, and the angle C D H, is 45 degree s ; then will 

n = .2, ss zn .5; and 72 ;f + 18.9^=: V1440 bb -^ 

4.71.62 a a^ will be the equation in this cafe: and if 

-that bafe be one fixth of the height B E, and the angle 

C D H, the fame as before, we have » = |, j j = .5 : 

and therefore 72 x -f- 16.5 ^ = ^1440^ i — 49^.75 ^a 
will be the equation. 

Let the height of the wall be to that of the earth 
above it as 5 to 2 ; then vi^ill t = l a^ . whofc fquare 
multiplied by 1440 gives 2822.4, from which fub- 
tradting 471.63, and the fquare root being extrafted, 
gives 48,484, and taking 18.9 from this, the remaind- 
•cr divided by 72 gives x = .4^ i tf, nearly in the firft 
cafe. 

But if we fubtraft 492.75 from 2822.4 and extract 
the fquare root of the difference, we get 48.266 and 
16.5 being taken from it; the difference divided by 72 
gives ;c ;= .441 a^ nearly in the fecond cafe. 
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Explanation of the following Tables. 

The fifth and fixth, contain the ratio's between the 
heights of ftone walls and their thicknefs above, when 
there is a parapet of earth above them -, the bafe of. the 
flope being one fifth and one fixth of the height of the 
wall ; and the flope of earth makes an angle of 45 de- 
grees ; the ratio's between the height of the wall to 
that of the earth above it, are marked in the firft ver- \ 
tical and horizontal columns : the length of the coun- 
terforts being one fourth of the walls height, and their 
thicknefs is to the interval between them, as unity to 
3 : that is the fame as before : The feventh and eighth 
tables contain the fame ratio's when the walls are of 
brick. 

Their ufes are as follows : when the height of the 
wall is given, as well as that of the earth above it, re- 
duce the ratio to its loweft term •, look in the firft ver- 
tical column for the antecedent, which is always fup- 
pofed to exprefs the height of the wall, and for the 
cofifequent in the firft horizontal column, then the num- 
ber oppofite to the firft, and under the fccond, ex- 
preilcs the ratio between the height of the wall to its 
thicknefs above. This number being multiplied by 
the height of the wall, and the three laft figures taken 
as decimals, gives the thicknefs required. 

Example, Let the height of a f^one wall, whole 
flope is one fifth, be 20 feet, and that of the earth 
above it 12 : then becaufe 20 is to 12 as 5 is to 3 ; 
look in the firft vertical column of the fifth table for 5, 
and in the horizontal one for 3 : then the number 442 
oppofite to the firft, and under the fecond, being mul- 
tiplied by 20, the height of the wall, gives 8.84 or 8 
feet 10 inches nearly for its thipknefs above. 

If the height of a ftone wall, whofe flope is one fifth, 
be 1 3 feet, and that of the earth above it 6 : then in 
the fame ubie, the number 371 oppofite to 13 and 

C 3 under 
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under 6, multiplied by 13, the height of the wall, 
gives 4.823 or 4 feet 9 inches nearly for the thicknefs 
above. 

But if the dope is one fixth, look into the fixth 
table oppofite to 13 and nnder 6, and you will find 
403, which being multiplied by 13, gives 5.2^9 or 5 
feet 3 inches nearly. We have not infer ted the thick- 
nefs of the walls near the foundation; becaufe they 
may be found by adding the bale of the flope to the 
thicknefs above. 

N. B. Thofe fquares which are marked with a point 
only, are oppofite to fuch ratio's as have been deter- 
mined before, and therefore it would have been need- 
lefs to repeat them. Thus the ratio of 2 and 2, of 3 
and 3, of 6 and 6, &c. is the fame as that of unity to 
unity 'y and it is the fame in refpeft to all other equal 
ratio's. 

P R O B L E M Vr. 

^ojind the thicknefs ahme BC of a wall when the 
counterforts have a flope asY G. Fig. 5, ' 

Draw F L perpendicular to the bafe A G ; then if 
for conveniency fake, we fuppofe C F to be one eighth, 
and the bafe D G three eighths of the height DC; the 
area of the rcftangle D C, will be 4 ^ ^> that of the 
triangle L G F, will alfo be one eighth oiaa\ and be- 
caufe the diftances of the lines drawn through the cen- 
ters of gravity, of the redangle D F, and of the tri- 
angle FLD, perpendicular to the bafe DG, from the 
point fix A, areAD-j-4DL, AL-J-ILG; that 
is, X ►^- » J -j- /^ a \ X -J-« ^-}- ^^, a \ and therefore their 
fum, multiplied by | ^^, and the produft reduced in the 
ratioof 4 to unity, ashasbeen Ihewnin the third pro- 
blem, gives 7V ^ o, X -f- ^V « 0.^ + tVV ^^ ^^^ ^^^ ^^' 
mentum of the counterforts, which being added to that 
of the wall found in the fecond problem, and the fum 

made 
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made equal to that of the earth; after having multipHed 
by j- a^ and the fecond fide reduced under the fame de- 
nomination, and the root of the firfl multiplied by 
the root of the common denominator 81x64, we get 

72X+72 iftf-f- 4.5^=^^/1536 J J — 67.5 -1-1728 »*♦ 
for the equation required, which differs from that 
found in the third problem, by the term 67.5, which 
there is 60.75. 

Hence, if » =: .2, and J/ = .5 *, thefe values multipli- 
ed by their coefficients, gives 769.62, for the fum of the 
terms under the radical fign, whofe fquare root is 
27.742, from which fubtrading the fum 18.9 of the 
two known terms, and the difference divided by 72, 
gives xzi: .1228 tf, which is lefs than that found in 
the third problem ; but not fo much as is worth 
taking notice of: fince in a wall of 30 feet high, the 
difference is only .7 of an inch t confequently either of 
thefe coi^nterforts may be ufed according to the builders 
fancy. 

Sometimes counterforts may be made with fteps, 
which may be done by making them fo as that the 
bafe and the area be the fame, without changing its 
momentum. 

Fig. 6. Sometimes the feftion of walls are made paral- 
lelograms without any counterforts, efpecially when 
they are low: fuchasABCD: To find their thick^efs 
AD or BC } draw the diagonal AC, and through the 
middle L, and the point C, the lines LK, C£ per- 
pendicular to the bafe A D produced *, and let A D = at, 
DE=:fftf, and CEzztf; then will ax exprefs the 
area of the parallelogram D B -, and fince the point L 
is the center of gravity of the parallelogram, AK will 
be the diftance of the line of direction from tjie point 
A ; but becaufe A L is half of A C, the diftance A K, 
will be I X •^ ^ ^ ^) ^^If ^^ diftance A E. Tiiercfore 
the area ax multiplied by the diftance AK, gives 
44i^x-f* T^^^^9 ^^^ i^ momentum, and fo equal 
to ^yssa^ that of the earth by the firft problem ; 

which 
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which being divided by 4 ^9 ^^^ \nnaa^ added to 
both fides : the firft will be a perfeft fquare wbofe 
root isi8y-f-9»tf = tf ^96 jj-|-8i «», after having 
reduced the fecond fide under the fame denomination, 
and multiplied the root of the firft: by the root of the 
denominator 324, of the fecond. 

If the firft term 96 J J under the radical fign be in- 
creafed in the ratio of 4 to 5, we ftiall have 1 8 x -|- 

^naz=:a \/i2o jx-|^ Si^ff in walls built with bricks. 

Hence if »= .2, and j/ = .5 ; we ftiall gctx:=s.^ia 
nearly in ftone walls, and x=: .355 tf, in brick walls. 

Hence it may be eafiljc^known whether thefe kinds 
of walls require more mafonfy, than thofe in the firft 
figure without counterforts : for we have found in the 
fecond problem, when n and / j, exprefled the fame 
values as here, that ^ = .2018^, and therefore the 
area of that profil, will come out to be .301 8 ^ ^ -, and 
the area of the parallelogram D B, is.^iaa: there- 
fore the difference .0082 aa^ ftiews that this laft figure 
requires more than the former; tho' not much in low 
walls. 

Before we conclude this fcftion, we fliall add one 
general problem more, in order to ftiew that it would 
have been eafy to reduce almoft every thing into a few 
problems, were it not necefl^ary to menage the learners 
capacity, and to lead him gradually from the moft 
fimple and eafy truths, to others more complex. 

PROBLEM VII. 

Let the profil of a Jione wall be a parallelogram as 
D B, and the counterforts a trapezium DCFH, 
ncbofe outward JlTpe F H being equal to CD that 
of the wally to find the thicknefs of the wall 
when there is a parapet of earth above it. Fig. 7. 

If for conveniency fake, C F be one tenth of the 
height C E 5 and the reft being the fame as before j 

then 
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then will Dli=i2 na^^r^i i?vhfch being added to 
CF, tV^^ and the fum multiplied by half the 'height 
C E, gives naa-^Ji^aaior the area of the trapezium, 
which being multiplied by A D -|- t D H; that is *• -^ 
» tf -j- ^ tf, and the produdt reduced in the ratio of 4 
to unity, gives ^L. ^ ^ ^ + i » ^ ^' 4" tV »^' + t-ttI^' 
for its momentum ; which being added to 4 ^ ^ ^ ^ 
^naax that of the wall found above, and the fum 

made equal to-ir^sy^^abb^^a^ that of earth, found 
in the fifth problem ; the whole being divided by 7^, 
and -^nnaa^^-Ji^naa — J^aa^ added to both 
fides, the firft will be a perfeft fquare, and the fecond, 
being reduced under the fame denomination, giv es 

36 X -^ 2y na '\' .ga = ^ig2 ssx3bb ^^ aaJ^ 
Smnaa^— 4i.6naa.^i.4.3aaj after having mul* 
tiplied the firfl fide by 36 the root of the common de- 
nominator 1296 of the fecond. 

When the wall is made of brick, there need no 
more than to increase the coefficient 192, of the firft 
term under the radical fign, in the ratio of 4 to 5, 
which gives 240 for that coefficient in this cafe^ the 
other terms will remain the fame as before. 

When there is no parapet of earth above the wall, 
then will b =:a', and the firft term under the radical 
fign becomes 384 J j^^, and the reft will remain 
as before. 

When» = .2, and J s^z^gy then will 36 x -}- 6.341 =: 

V288^^— 104.91 tf 4^, in flone walls: butif»=^ 
andjj=.5; then will 36^-1-5.4^ = V288 ^^ .— 

And \{b:=:a\ that is, if there is no parapet of earth 
above the wall, we fhall have x = .202 a^ in the firffc 
cafe, and x rr: .232 j, in the fecond. But if the 
height of the wall is to that of the earth above it, 
as 4 to 3, then will 3 = ^^; the fquare of which 
being fubflituted into the two equations, gives 882^^9 
for the firfl term under the radical fign, and the fquare 

root 
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root being extra&ed» we fhall find that xz=z.6a 
nezrly in the firft cafe, and ^c;: .627 a^ in the fecond. 

Hence it is very eafy to compare the quantity of 
mafonry, contained in walls, whofe profil is a paralle- 
logram as in this figure, and the counterforts a tra- 
pezium ; and thofe whofe profil is a trapezium, and 
the counterforts reAangles, as in the fecond profil : for 
the area of the profil in the fecond figure, with that of 
the counterfort reduced, is found to be .287 ^^, when 
» zr 4-, and .299 a a^ when n = 4.. 

And the area of the profil and counterfort according 
to the fevcnth figure, is found to be .277 jtf when 
» = J ; and .298 a a^ when » =: 4- 

Therefore the profil in the form of a parallelogram, 
requires Icfs mafonry than that whofe figure is a tra- 
pezium 5 and the diflirence is greater when » = | , 
than when » = -J-; but when n is one feventh or eighth, 
the trapezium figure has the advantage, as will be 
found by computation. 

Thus we have (hewn how to find the thicknefs of 
walls, fuch as fhall refift the preffure of the earth, of 
all the different profils, that may be ufed ; and it will 
eafily appear, that our method is both more general, 
and much eafier than that given by other authors 5 the 
many general rules given here before, and their eafy 
application to praftice, are convincing proofs of it; 
befides no author has attempted before to give tables 
for rtmparts with demi-rcvetemcnts ; though they are 
mueh more ufeful than any others, on account, that 
the moft experienced engineers, fcarcely build any 
others now-a-day , and that for very good reafons ^ be- 
caufe it faves great expences, befides they are not 
fo eafily deftroyed by battering pieces, and when a 
breach is made, are foon repaired. 

It may perhaps be faid, that v/c have reduced the 
counterforts to certain figures which are eafily com- 
puted, and therefore our folutions are not fo general 
as is pretended : But if the reader be pleafed to confi- 
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der that the length given here agrees very nearly with 
that given by Mr. Vauban^ and the reAangular form 
has been fhewn to be more advant^eous, than that of 
\ a trapezium, befides it is generally ufed here ; as to 
chofe whofe profit is a trapezium, fuch as in the fifth 
and fixth figure ; regard has been had to fuch dimen- 
iions as are moft ufeful in pra£Hce, and fuch as 
are of a due proportion in refpeft to the walls which 
they are to ftrengthen. 
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S E C T. II. 
7^^ Theory £/*ARCHES. 

N fortrefles it is abfolutely neceffary to build vaults 
and arches, fuch as over gate-ways, under-ground 
paflages, from the body of the place to the ditch, 
powder-magazines, cazemats, and lodgings for the 
iick and wounded, and for thofe which are not on 
duty, to reft in with fafety 

It is of no little importance, in the building of a 
fbrtrefs, to know exaAly, and with certainty, what 
thicknefs piers that fupport arches of various magni- 
tudes, require in different circumftances, fo as to make 
the work durable, and to ufe no more materials than it 
requires. The making powder-magazines, fo as to re- 
fift the fhells thrown upon them in a fiege, requires 
• the utmoft ikill of an engineer, and has not hitherto 
been rightly determined by any body I know of. The 
engineers generally follow the dimenfions of thofe con- 
ftru&ed by Mr. Vauban^ which indeed have fo well 
fucceeded, that it feems to be unnecefTary to attempt 
any other rules to go by, were it not required, in 
many cafes, to make arches of different width, figure, 
higher and lower 5 and therefore, it will be proper to 
lay down general rules, which fliall anfwer all thefc 

various circumftances. 

It 
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It is one of the moft difficult problems in mechanics,, 
to find the momentum or force with which different 
kinds of arches a£t againft the piers that fupport them ; 
and though many great mathematicians have endea* 
voured to folve it, efpecially the gentlemen of the royal 
Academy of Sciences at Paris^ and Mr. Belidor in his 
book called La fcience des Ingenieurs % yet, if I ana not 
miftaken, neither of them has fucceeded ; for whoever 
reads their performances will be more convinced of the 
difficulties that attend it, than of the truth of their folu- 
tions ; and it is eafily perceived that fome of them are 
miftaken, and have perplexed themfelves with tedious 
algebraic exprcffions, which when applied to eafy prac- 
tical cafes are impoffible, which fhews that their com- 
putations are built upon erroneous principles. 

It is true, Mr. Belidor has better fucceeded in his 
principles than many others ; yet his applications are 
not free from objeftions, as will appear hereafter, and 
which is the rcafon that the thicknefs of the piers 
he affigns are fo much lefs than they Ihould be. 

It feems to be a difficult matter to determine this 
problem exaftly, on account of the fuppofitions which 
are neceiTarily to be made in regard to the cement that 
IS ufed in the joints, in order to keep the arch-ftones 
together. 

Thofc who go upon the refined fuppofition that the 
joints are quite fmooth and polifhed, without any mor- 
tar, are greatly miftaken; for befides that no fuch 
thing fubfifts in praftice, their folutions when applied 
to practical examples, give nothing but impoffibilities, 
as any one may be convinced who reads them with 
attention. 

In the enfuing work, we fhall fuppofe with Mr. Beti- 
dor J that the arch-ftones are laid in mortar, and fo ce- 
piented together as to prevent their Aiding upon one 
another ; but not fo hard as to compofe as it were one 
folid ftone, becaufe this would be a plain contradiflion, 
fmce it could not aft upon the piers in aa oblique 

2 manner. 
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I manner; out the mortar being of fuch a confiftence 
only, that if the piers were not fufficiently ftrong, the 
arch would break in the weakeft part, and thereby 
overturn the piers. This fuppofition is the raolt natural 
that can be made, and has been found true in pra6tice ; 
for feveral arches have fallen down, for want of fufH- 
cicrit ftrength in the piers to refift their preflure; be- 
fides mortar requires fome time to harden, which 
being once effected, no accidents happen afterwards. 

P R O B L E M L 

^0 find the prefjure of an arch againfi the piers 
thatfupportit. Plate IL Fig i. 

Let A E F G be the feftion of half the arch, ABCD 
that of the pier which fupports it ; the point C taken 
near the foundation, may be confidered as fixed, and 
about which the pier muft turn to be ovcrfet ; M N» 
one of the arch-ftones ; O the center where all the 
joints meet when produced ; and laftly, let A S be the ' 
line which terminates the fpring of the arch. 

From the center of gravity X of the ftone M N, 
draw a line X Qjperpendicular to the under joint O M, 
meeting C D produced if neceflary in R, and let C Q^ 
be perpendicular to that line ; and X T to the hori- 
zontal line A O •, laftly, from any point L in CM, 
draw L K perpendicular to A O. 

From a known principle in mechanics, three powers 
are in cquilibrio, or in a ftate of reft, when they are 
to each other as the fides of a triangle which arc per- 
pendicular to their diredtions : Now fincc K O is per- 
pendicular to the dire£tion X T, of the gravity, O L 
to the du-ediion X Q^in which the gravity of the ftone 
ads againft the joint O M, and L K to that in which 
it adts in an horizontal direAion againft the oppofite 
part of the arch \ and as this laft adion is deftroyed by 
an equal force of the Itonc x equally diftanc from the 

middle 
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middle O F in an oppofite dtreftion ; there remains the 
force only expreflcd by O L, which ads againft the 
joint O My to be confidered. 

But becaufe this force produces more or lefs efiedb 
according as its diredion XQ^is farther from, or near- 
er to the point fix C ; it is evident that the efied of 
this force is in the compound ratio of the force L O and 
the diftance C Q^of its diredion from the point fix C. 
But becaufe of the right angled fimilar triangles O KL» 
CQJl, we haveCQ^:CR: :K0:L05 orCQ^x 
LO=:CRxKO; confe^quently, . the momentum of 
this force is alfo in the compound ratio of the gravity 
KO of the ftone NM, and the refpeftive diftance 
C R, between the point fix C, and the incerledion of 
the diredion X Q, with the vertical line C V. 

Whatever hasbeen faid with regard to the ftone 
MN, is equally true with regard to any other whatfo- 
ever; and therefore the fum of all the produds of the 
weights of the ftones contained in half A F the arch, 
each multiplied by its refpedive diftance CR, will 
exprefs the total momentum or efTed of the preflure 
againft the pier A C : becaufe the prefTure of the other 
half arch ads againft the oppofite pier. 

By a known property of the center of gravity, the 
fum of the momentums of all the parts, is equal to the 
whole weight applied to the center of gravity . Whence 
if L be the center of gravity of half A F the arch and 
L H be drawn perpendicular to the joint that pafies 
through that center meeting CD in I; the weight 
of half the arch AF, multiplied by the diftance 
C I, will exprds the momentum of the preflure againft 
the pier A C. 

COR. 

Hence if the weight W, fufpended in the middle of 
the bafe B C of the pier, be fuppofed to exprefs the 
area ABCD; and n the area AEFG, of naif the 
arch, then will' 4* B C x W exprefs the momentum of 

the 



Sea 2. FORTIFICATION. 31 

the pier, and C I x » that of the arch's preflTure ; 
therefore we have BCxW = 2»xCI, in cafe of 
equilibrio. 

REMARK I. 

As the furfaces of the arch-ftones arc generally very 
rough, and befides the mortar renders them lefs liable to 
Aide upon one another, than they would do without it ; 
the momentum we have here given is more than what 
ariies barely from the weights of the arch-ftones : and 
we have (hewn in the theory of walls, that a body 
placed on a fmooth horizontal plane, requires one 
third of its weight to be moved ; it is evident that the 
momentum of the arch might be diminifhed by one 
third ; but as arches under ground fupport a weight 
of earth, befides its own, and thofe above ground, 
ought to refift the force of (hells, we fiiall not diminini 
that momentum hereafter in our computation ; leaving 
to the engineers to make it lefs whenever they (hall 
think it necefl&ry ; which they may do, by fuppofing 
n to exprefs either the two thirds or one half of the 
area A £ F G ; in the following equations. 

REMARK XL 

As the angle AOL increa(cs, fo the perpendicular 
QC or the momentum of the arch increafes, till that 
angle becomes a right one -, then C Q^ becomes equal 
to the line CV, terminated by the horizontal line, 
pafling through the middle of the upper joint E F 5 
and therefore C V is the greateft diftance C Q^of all 5 
and when XQ^paflfes through the point fixC; then 
C Q^ becomes nothing -, and when the direftion X Q^ 
palTes between the points B, C, it becomes negative, 
and the greateft when equal to D G -|- 4 A G, and the 
part of the arch from the point where C Qj=r o to the 
fpring AD, inftead of afting againft the pier, add ftrength 
10 it, but as the above property of the center of gravity 

A is 
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is general, whether a part is negative or not ; we have 
no occafion to confider the negative part feparately. 

REMARK III. 

There is a remarkable property of the center of gra- 
vity, which being very ufefui in what follows, we (hall 
mention here, viz. The folid content defcribed by any 
phne furface^ either in moving parallel to itfelf^ or about 
a line as an axis y is always equal to the produS of the 
generating plane^ and the line defcribed by its center of 
gravity. Thjs property has been demonftrated in our 
creacife of Conic fedions, page 147, as like wife in our 
Elements of nnath. page 253, 254, 255. 

PROBLEM II. 

T^ofind the thicknefs B C of the piers when the arch 
is terminated by two concentric circles defcribed 
from the center O placed in the line A S, which 
pajfes through the fpring of the arch. 

Let the radius O A of the interior circle be called a^ 
and of. the exterior one O G = ^, the height A B of 
the piers r, its thicknefs BC fought z; then if unity 
is to r, as the radius to the femi-circumference \ we 
have r^, r^, for the femi-circumferences of the radii 
O A and O G 5 therefore l^raa^ i^bb^ exprefs the 
areas of the quadrants, whofe difference is equal to ir, 
by the laft cor. that is, ^n=.rbb ^^r aa: Now fmce 
the femi-fpheres defcribed by thefe quadrants about the 
axis, O A or O E, are the two thirds of the cylinders 
of the fame bafe and altitude, and becaufe r aa^ rbb^ 
are the bafes, and a^ by the altitudes, we Ihall have 
4 r ^S ^ r ^', for the folid contents of the femi-fphcres; 
and their difference will by the ladk remark, be equal 
to the product of the area A F = n, multiplied by the 
circumference defcribed by the center of gravity L ; 

buij 
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but 2 r is to unity as KL is to 2 r KL the circum* 
fercnce defcribcd by the radius OK or KL : There- 
fore 3 » K L = ^' — as by the third remark after 
having multiplied by 3, and divided by 2 r. 

Now if we call OK or K L = »i; then becaufe the 
radius O M which bifefts the arcs A E, G F, bife£fcs 
alfo the quadrants, and therefore. pafTes through the 
center of gravity, and the right angled triangles 
OKL, OLH, HDI, arc ifofceles ; that is, OH = 

2W, DH = DI=tf-j-^ — 2^» ^^ C I = c 4- 2 »f 
-«tf — z: or if^=i:r-|-2)W — a; then will <Jl=: 
g^^Zi which being multiplied by 2 » according to 
the Cor. after Prob. L the produdt muft be equal to 
the produd czzj of the area cz of the pier, by z ; 
therefore czz ^zzng^^inz^ or czz^znzTs: 
^ng\ but if we multiply both fides by r, and add 
n Hj the firft fide will be a perfect fquare, whofe root 

is rz4*^ = V2r»;-{-^^* 

It may be obferved, that if the equality 3 » K L :=: 

l^ — ii', be divided by the equality \nz=zrbb-^raa^ 

9r bb 

we (hall have — x K L = tf + ^\ after having mul- 
tiplied by r ; from whence the value of KL = «r, is 
eafiiy found. 

Example, Let 11 = 12, ^ = ^=15: then becaufe 

r = 3.14159, we (hall have nz=z^rxbb — aa=: 

or h h 

63.61 7 : — iw =: tf -| — -r— =s 20 j. ; and hence m =s 

8.629, and I'sr f -|- 2 991 — 11 = 20.258', and if we 
take the two thirds of 63.617, the area for the value 
of Hy on account of the friftion, as we did in refpedt 
to the earth in the former fe&ion, we fhall have 
42.41 1 for the value of » ; Hence 2 ^^ + » =: 650.151, 
which multiplied by (»j 42.411, gives 27573.554, for 
the fum ot the terms under the radical fign, whofe 
root is 166.053^ from which fubtrading the known 
term (») 42.41 1, and dividing by the coefficient {c) is% 

D wc 
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wc get z = 8.243, nearly, or. BC of 8 feet 3 iachcs 
nearly. 

' But if we take half the value of 63.617 the area 
for n J then will n =: 3 1 .808, and 2 ^^ -f- n =639.548^ 
which nfiultiplied by 31.808 gives 20342.742784 
for the fum of the terms under the radical Ggn, whoft 
fquare root is 142.628 ; from which fubtra&ing 
31.808 the known term, and the difference divided by 
the coefficient (r) 15 gives z = 7.354, or B C of 7 
feet 4 inches nearly. 

And if we take the whole area A F for the value of 
XT, we (hall find by the fame operation as before, that 
B C is 9 feet 6 inches nearly. 

Mr. Belidor found this thickncfs 6 feet 6 inches only; 
the reafon is, that he takes but half the area A F for 
the value of », and adds the other half to the pier ; 
and as this would reduce the thicknefs of the piers, to 
a trifle, he draws the line LI, of dire£bion through 
the middle of the joint at M, which makes the diftance 
C I, greater than ic &ou1d be, whereby his value is 
increafed, though not as much as it ought to be ; as 
appears by the examples above. 

It will bp proper to ob^rve, that. i]f<the -piers are 
built with large (Irong flones, and the arch b^ars no 
Other weight than iu awn \ one half of the area A F 
will be fufficient for the value of » 5 but if the piers 
are not very folid, two thirds of that area muft be 
taken for the value of js, and the whole in powder 
magazines, where the piers ought not only to be ca- 
pable to fupport tH"e arch, but likewife the fliock of 
the ihells thrown upon it in time of a fiege. 

PROBLEM III. 

^0 find the thicknefs B C of the piers when the 
out fide GF is a right line perpendicular to 
the radius OM which bifeSfs the quadrant 
O A E. Fig. 2. 

It 
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It is evident that the triangles O L H, H D I, are the 
fame here as in the firft figure, and therefore this 
problem differs from the former only in the values 
of n and m^ whence if O M = ^, and the reft as be- 
fore 5 then becaufe the right, angled triangle G O F 
is iibfceles, we have GF=2^, and fo *^ expreflcs 
the area oiF that triangle, and a$ ^raa expref&s the 
quadrant OAK, we have n:=szbb — ^raa. 

Becaule OFrz^Vs* the cone defcribed by the 
triangle O F G, about the axis O F, will be expreffed 

hj \rh^ h/i^ and the femi-fphere being -f r tf', by the 
laft problem ; and fince unity is to 2 r, as the radiui 
KL or O K (m) is to the circumference 2 rw def- 
cribed bjr the center of gravity L in the rotation, w6 

have 3 n 191 z= ^> is/2 <— tf S by remark the third, after 
multiplying by 3 and dividing by 2 r : confequen tly 

F=;:f-|-2»i-^«, and cz-\-n=^ h/zcgn^nn as 
oefore. 

REMARK. 

It IS to be obferved, that the thicknefs of the arch in 
the weakeft pare at M, is 3 feet when the opening A S 
is 24 feet, being nearly the fame as that given by 
Mr. VauhPf ^d to find the thicknefs in that place of 
any other opening, fo as to make the arch equally 
ftrohg, the fpace A G F £, muft be to the quadrant 
O A E in the fame ratio as in this cafe, which will 
happen when the length of the joint in that place i» 
always one fourth part of the radius of the quadrant; 
for the triangle O G F, when OM is 15, will be to 
that triangle when O M =s: ^, as 225 to ^^, and the 
quadrant OAE, when OA is 12, will be to that 
quadrant when O A is tf, as 144 to ^ ^ ; and therefore 
if 144: 225 I I aa: bb\ the areas AGFE, will be 
fimilar t6 the quadrants O A E ; but when fquares aref 
proponional, their fides arc fo ; whence 12 : 15 : ; ^2 ^> 
Qt b^sij^a. Confequently, this value of b^ being 

D 2 iiib* 
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fubftituted into the values of n and m\ 1.4142 for Va 
and 3. 141 59, forr, weget«=:.777^tf, andwrs.756^; 
nearly for thefe values; which therefore arc known 
when the radius u is known. } 

EX AM P L E. 

- Let tf=<2, r=i55 then will » = ii2 nearly9 
and m = 9.07 ; hence will ^ =: 2 1 . I4» and if we take 
74 4. the two thirds of the arpa AG F E for the value 
of », then will 2 f ^ -j- » = 7o8.866» which multiplied 
by 74 4, gives 52928.66 for the fum of the terms 
under the radical fign, whofe root is 230.062, from 
which fubcrafting the known term (ir) '^4.6669 and 
dividing the difference by the coefficient (c) 15, gives 
z = 10.359 or B C equal to 10 feet 4 inches nearly, * 
If r = 9 and the reft as before, wc fhall have z = 
9-595, but if wc take 56 half the area AG FE, for 
the value -of »j we get 2 f|f-^-» = 692.2, and 
38763.2 good the fum of the termis under the radical 
Iign, whofe fquare root is 196.883^ from which fub* 
trading 56 the known term, and dividing by the 
coefficient 15, we get 2 = 9.392, or BC equal to 
9 feet 5 inches nearly : whereas Mr. Belidcr has only 
found 7 feet 8 inches for the fame thicknefs, though 
we have here taken the leaft value of n that can be. 

P R O B L E M IV. 

^0 find the thicknefs B C of the piers when the in^ 
fde is a right line parallel to the outfide. 

The fame thing being fupppfed as in the laft, 
we fhall have nz=ibb — aa z=z^^ aa^ and ^mnz=t 

^t^^a^X slT gives m = .7987 a. As the reft is the 
fiime a s before, we have ^ = r -|- 2 w — 1», and f 2 -|- 

n = fJzcgnArnn^ 

« > . . . » 
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EXAMPLE. 

If tf = 12, r = 15 5 then will «= 81, i»=: 9.584, 
gz=z 22.ibS'j hence 2 r^-j-» = 719.04, by taking 
54 the two thirds of the area 81, for the value of n v 
and 38S28.16 for the fucn of the terms under the (ign, 
whole fquare root is 197.048 ; from which fubtrafting 
the known term 54, ana dividing the difference by 15, 
gives z =: 9.536 feet for the value required, which is 
lefs than that we found above : the realbn is, that the 
former area has been found to be 112 feet, and here 
it is only 8 1 . Therefore the piers have here lefs weight 
fupport them there. 

P R O B L E M V. 

^ojnd the tbicknefs B C. of the pidts when the arch 

is terminated by two circukr arcSj defer i bed 

from the fame center O, below the line A S 

which gaffes through the fprin^ of the arcb. 

Fig. 3- 

■ * ' - ,_ 

Let the chord A E be drawn ; the radius A O pro- 
duced fo as to meet the arc G F in R, and the line 
OD parallel to PA, meeting CI in D and inter- 
fering the direftion H in H 5 then if O A == u, 
OM = ^ AP=i>, PE = ^, AE=i&, and the 

arcAE = v. 

This being fuppofedi we (hall have ^^^ for the 
area of the feftor O A E, and as the feftors O A E, 
O R F, are fimilar, they arc as the fquares of the ra- 

b b V 
dUi theref(M-c a /I \bb\ilav\ ~ ?= to the fedor 

O R E5 and 2 «» = vyTTHaai or becaufe4 *= 5 « 
by what has been laid before, we get 32 » = o ^ v. 

Now becaufe the folids defcribed by thefe leftors in 
the rotation of the figure about a line palling through 

D 3 tht 
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the center O perpendicular to the radius O M, are the 

, two thirds of the cylinders of the fame bafes, and whole 

altitudes are the chords of thefe arcs, by art. ^ 1 7. of 

ourElem. Math, the bafes being raa^ rbb^ and the 

hh O V 

altitudes, b^ — , thcfcfolidsare 4-rtftf/>, — bV^ and 



ifOLrziw, then will ^amnzizbxb' — ^* or 54V 

tnzzi 61 ab. 

The right angled triangles O L H, H D I, are finfii- 

lar to the triangle APE, and therefore PE (^) : AE 

bfn ' 

(*) : : O L (w) : O H = -^, and fo DH = j> + 25 

b fH 
— — r- ; we have likewife A P (f ) : P E (i) : : D H : 
a 

DI=rf+ — — — ^; now becaufe OP=:«— -i, 

P P 

by fijhtrafting the fum of DI and OP, from the 

height of the piers € \ wc (ball have C I = r — tf + 

hm dz .. bm ,,| , -^- 

— - — — ; or it x" = ^ — . tf -4 , It will be C 1 =: 

p p o P 

dz . ^ , 2 ndz^ 
g , and confequently, czz ::^ 2ng — 

by cor. after ppob. 1. and if dnz=:pq\ the fquare root 

of this equation will be r 2 -|- j =s VTc^»^^"^py^ 

Hence if the height P E of the arch be the three 
fourth of half the breadth, A P •, that is, if J = |^ ; the 
right angled triangle APE, gives i>=:^^, and the 
right angled triangle A P O, 25^ = 24 ^ j thefe values 
being fubftituted into thofe of ^, j, and O P =3 /i -« ^ ; 
we get ^ = r — ^ -j-^^ w, g = 4. »> and O F =:♦ ^V ^ > 
but AO (tf) is to OP (xV<^) as the. radius looooo is 
to the 28000 cofine of the angle A O E, and therefore 
this angle is found to be 73 degrees a,nd 45 minutes 
or 73 4 degrees. Now becaufe ra cxpreffes the ferni^ 
circumference of the radius a \ and 1 80 degrees is to 
?3 iclegrees, as i^ femi* circumference r^ is to the 
% arc 
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arc *y = -iV!p^Jri this value being fubftituted into 
thofeof If and m found above, as well as g 141599 thai 
of r gives » = . 362 tftf, and m = .8776^. 

EXAMPLE. 

Let / = 12 ; then will a = 12.5, i& = 15 ; and if 
^=15, then will 11 = 56.56, «i == 13.164, ^ =: 
18.955 •, and if we take the two thirds of the area 
56.56 for the value of », we get j = 28.28; and 
therefore 22241.6544 will be the fum of the two terms 
under the radical fign, whofc root is 149.13, from 
which the known term 28.28 being fubtrafted, and 
the difference divided by 15, the coefficient gives %=: 8 
or B C equal to 8 feet nearly, which is 3 inches kfs 
than when the arch is a femi-circle. 

PROBLEM VI. 

^0 find the thicknefs BC cf the piers when the out^ 
fide GF is a right line parallel to the chord A E, 
and the reft being, the fame as before. Fig. 4. 

It is evident that this problem differs from the for- 
mer, in the values of m and n only. Whence becaufo 
of the right angled fimilar triangles APE, O M F, 

■ b d 

vrt have AP (p) : PE (<f) : : OM (^) : MF = y, 

b b d 

and as MR is equal to MF, we have — • for the 

P 
area of the triangle O R F, and fince ^ av exprefTes 

the area of the fedor O A E by the laft problem, wc 
have 2pn=iidbb ^^apv. 

Now becaufe the folid defcribed by the triangle ^ 
O R F about an axis pafTing through the center O par- 
allel to the chord AE, is the two thirds of the 
cyKnder of the fame bafe and altitude^ the bafe being 

D4 rbb. 
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O h A 

rbb. and the altitude RF, -— -, thia folid will be 

r 
— db^'y and as the folid defcribed by the fedor O A E, 

in that rotation, is \raab\ we get ^mnp:=z 2 db^ — 
aabp\ after having ^multiplied both fides by 3^ and 
divided By 2 r. 

Therefore ^rrc — tf-^ — --andcz + ff^ 

tjicng^^qq^ by the laft : fuppofing dn z=:pq. If 
the center O be fuppofed to coincide with the point P ; 
then a^ py and d^ are equal, and the cquatipns in the 
two laft problems, will then become the very fame as 
thofe in problems the fecond and third, with this re- 
ferve, that O L is hpre called »r, and L K in the firft 
and fecond figure. 

If P E is again the three fourths of A P, we (hall find 
the fame values, as in the laft -, that is, if 4 ^ = J ; 
then will i = ^ p, p = ^^^, ^ = r — i tf -|- i « i -y =: 
tVt ^ ^ > ^^^ therefore » = .528 ^ tf, /w =: 1.092 a. 

EXAMPLE. 

Let p =r 12, and r=: 15; then will a =: 12. 5, 
11 = 82-5, ^=13. 65, and^=i9. 56: and if we 
take the two thirds of 82.5 the area for the value oin\ 
we get 2 = 41.25, and 33974.5625, for the fum of 
the terms under the radical fign, whofe fquare root is 
184.32 from which fubtra£]ting the known term 41.25 
and dividing the difference by 15, gives 2=19.53 
feet -, which is about i o inches lefs than what we have 
found in the third problem. 

N. B. We have ncglefted the fmall fpace A G R, in 
the two lail figures, as being but inconfiderable, and 
would have, rendered the operations very tedious ; be*' 
fides in pradice a geometrical exaftnefs is impoffible 
and not neceflary ; efpecially when the departing from 
it, renders the operations more eafy and fimple, as it 
happens here in this cafe, 

PRO- 
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PROBLEM VII. 

^ojind the tbicknefs B C of the piers ^ when the arch 
is terminated by tnvo circular arcs defcribedfrom 
the center O, placed in the line A S, which pajfes 
through thejpring of the arch. Fig. 5. 

It is evident that the values of m and n are here the 
fame as in the fifth problem, fince we have the fame 
feftors and triangles here as in the third figure y there* 
fore 32 »z= 9^t; and 541; « = 61 ah. 

Now becaufe of the umilar triangles PEA, O L H* 

we have PE (J) : AE (i&) : : OL («): OH=^, 

h fH 
and foii-4-z«-*-^ =DH; and the fimilar triangles 

d 

APE, DHI, give AP (/>) :PE (^) : : DH :DI 

da , dz bm , ^- da dz , 

= y + y-j-i whenceCI = c-y- j + 

yJ, or ifg = c J + 'fi thenwmCI=^ — 

dz ^ - 7,dnz . . 

— \ confcquently, czz=.2ng^^ — - — j by corol. 

aiFtcr the firft problem 5 and if dnz=zp q \ the fgua rc 

root of this equation will be cz^^qtsj^/zcwg^qq. 

If O P is one fourth of the radius O A ; that is, if 
the radius is the two thirds of the fpan of the arch, 
then will AP =p =4^> ^^ ^^^ ^g^^ angled tri- 
angle OPE, gives P E z=z dzsz^a \/i5, and the 

right angled triangle APE,' gives AE z=:bz=i\a fJ6. 
But 0£ (i?) is toPO(^tf) as the radius 1 00000 is 
to the cofine 2500 of the A O £, which is found to 
be 75 degrees and 32 minutes, or j^.^ 4 degrees. 

And 
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And fince unity is to 3.141599 as the radius a is to 
the femi-circumference 3.14159 ^( and 180 degrees 
is to 75.5 4- as the femi-circumference 3.14159 a, is to 
the arc v zszi.^ia nearly ; this value oiv being ftib- 
ftituted into thofe of n and i», gives » = .37 ^a^, 
and «i ^ .85578 b nearly. 

EXAMPLE. 

Let AP= 12, then will ^ = 16, andifr= 15; 
then will » = 95.04, ;»= 16.766, ^ = 2i-777> and 
if we take 63.36 the two thirds of the area 95.04, for 
the value of », we get j= 81.734^ and 48074.1683, 
for the fum of the terms under the radical fign, whofc 
fquare root is 219.258, from which fubtrafting the 
known term 81.734 and dividing the difference by 15, 
gives z = 9.168 or B C equal to 9 feet 2 inches* 

PROBLEM VIIL 

^6 find the tbicknefs BC of the piers, wben the out^ 
fide is a right line parallel to the chord K^^ of 
the infide arc. Fig. 6. 

By the fimilarity of the triangles O M G, APE, 

wehave PE('i) : AP(/>) : : OM (*): GM= ^j 

h hl^ 
and fince G M and M E are equal, we get rr for 

the area of the triangle OGR, and as the area of the 
fcftorOAE is T^v, we have 2ffi=:2^^^-^^J<z;.* 
But the folid defcribed by the triangle OGR, about 
an axis pafling through the center O parallel to A £, 

is^*»; and riiat of the feftor OAE defcribed in 

3* 
that rotation f Taab\ therefore 3 dmn:=: ipb^^^ 
aadb, by what has been faid before. And becaufe 

there 
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there is the .fame triangles here as in the laft figure; we 

u ^ h tut 
have g:=icmm^ — -^ — , dnznp^^ and cz-^ qzsi 

V2 f « ^ -j- ^ J as before. 

If we fuppofe again that O P is the three fourth of 
the radius O Aj then will the values of^, d^ b be the 
fame as before, and hence 'z; = 1.32 tf, nz=i.§gaa^ 
and )9»= 1.092 a. 

EXAMPLE. 

Let a:=zi6j r = 15 $ then will n = 140.8, tn rs 
17.472 i i" = 22.876 ; and if we take 93.8 4.n the two 
thirds of the area 140.8 for the value of n ; then will 
q =: 121.182, and 79103.803 be the fum of the terms 
under the radical fign, whoie fquare root is 281.254, 
from which fubtrading the known term 121. 182, and 
dividing the difference by 15, gives z = ro.67 nearly. 

N. B. We have negleded the fpace ERF, in the 
two laft figures, which could not be conlidered with- 
out rendering the operations very tedious and perplexed, 
and as in pradtice a fcrupulous nicety becomes more 
troubiefome than ufeful, we aim more at fimplicity 
than a too great mathematical fbriflncis wherever 
pradtice is concerned. 

LEMMA L 

77fe diameter O L, ivbicb bifeBs tbe cbord A E, 
joining tbe extremitiei of tbe two femi-apces 
A O, and O E, of an eliij^s^ bifeSls tbe area 
of the quadrant ALEO. Plate IIL Fig. 7. 

For the diameter O L bifedts alt its ordmates which 
are parallel to that chord, as well as all the lines drawn 
in the triangle A O E parallel to the bafe A E ; con** 
fequently, the diameter LO bifcfts the area ALEO 
Qi the quadrant* 

C O R. L 
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COR. I. 

Hence, bccaufe the tangent L H, is parallel to the 
ordinate AE of the diameter OL, by the nature of 
the elliplisy and this diameter bifeds AE in m^ and 
fince A O E is a right an&le ; Am, m O, i» £, are 
equal ; therefore the triangle OmA« is ifofceles, and 
being fimilar to the triangle O L H, this triangle is 
likewife ifofceles ; coofequently, OKsKH, and 

OL=LH. 

« 

COR n. 

Hence the triangles A O E, O L K, are fimilar, 
for the triangles O K L, H K L, having all their fides 
equal, are equal in'all refpedls : and fince the triangle 
H K L is fimilar to the triangle A O £, its equal OKL 
will be fo too. 

COR. III. 

Bccaufe OK : O A : : O A : OH, onx OK, by the 
laft corollary j whence OA = OK-s/2^ and by the 
fimilarity of the triangles A O E, OKL; we have 

OA: AE::OK:OL, andfincc O A = 0K V2i 
we have A E = O L V 2 by equality of ratio's. 

PROBLEM IX. 

^0 Jind the tbicknefs BC of the piers^ when GF^ 
A E, c^e two Jimilar. elliptical quadrants^ def- 
cribed from the fame center O, and the joints 
are perpendicular to the tangent in that point. 
Fig. 8. 

IfOA=:i7, 0G=^, OErsrf, and the reft as 

b d 

before 5 then will O F = — , by fuppofition, whence, 

a 

fince the circular quadrant' defcribed ^wich the radius 

OG, 



JSca. a FORTIFICATION. 45^ 

O G» ht will bciriii and is to the elliptical quadrant 

OGF, as OG(3) to OF (— ) and therefore this 

rdhh 

elliptic quadrant will be ; and the quadrant O A E^ 

4a 

will be \Tad\ \yf the famereaibn; therefore 44 ir=s 

rdy,i>k — aa^ after having multiplied by 4 a. 

Now becaufe raa^ rkbj exprefs the areas of circles 
defcribed by the radii O A, Q G, in the rotation of 
the figure about the axis O F, and fince the folids def- 
cribed by the elliptical quadrants in this rotation are 
the two thirds of the cylinders of the fame bafe and 

altitudes, thefe folids will ht i raad^ — di^^ and 

their difierence equal to 2rfnn by remark t he third, 

fuppofing OK = my which gives ^amnrsid x^'— ^'» 

after having multiplied by 3 a. The firft fide of this 

equality being divided by 4,an^ and the fecond by its 

bb 
equal, gives ^rmziza^ — jt-t. 

If we iniagine a quadrant of an ellipfis to be def-^ 
cribed through the center of gravity L, fimilar to the 
former ; then the dire&ion L H, will be a tangent to 
the ellipfis, and therefore perpendicular to the joint 
|Mifling through that point ; and O K s=: K H, by cor. 
1. or OH =1 2m I hence DHzz^a-^-z^^zm ; and 
by the fimilarity of the triangles A 6 £, H D I, we 

have AO {a): OE (iQ : :DH : DI =i/+~ ^ 

m * 

2 fud 2wd dz 

, and fo CI =^ — J+ — ~— — ; orif^rs 

a ' a a "^ 

, , 2md , 2ndz , 

c — fl+~"~» ^^ *^^* czzz^2ng — , by 

A a 

cor. after prob. L and if a q - smnd^ the fqu arc root of 
tbis equation is r« + j=:V ^^njf + jy. 

E X- 
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EXAMPLE. 

Let a:=zi2^ *=ir=i5, ^=9» then as r = 
3.142 nearly^ we get 112:47.72, i»= 8.629^ ^r=: 
18.943, and taking the two thirds of the area 47.72 
for the value pf ji, we (hall bav^ jf;s; 23.86 aad 
1864^.4988 for the fum of the terms under the radi^ 
cal fignt whole fquare root is 1 36*559, from which 
fubtrading the iknown term 23.86, and dividing tl^e 
di^Terence hy ipf we fliall have z^^iy.^ii^ or BC 
jequal to 7 feet inches. 

PROBLEM ix. 

^0 find the thicinefs B C 0/ the piers ^ when the 
m^de is a right line G F> parallel to the chord 
AE which fuhtends the elliptical quadrant. Fig* 9* 

and the reft as before; then by the parallel lines A E, 
GF> we haveOjw(*): OE^d) ; : OMik) :OF = 

^j and Om(J!f):OA(a)::OM{i):OG = ^> 
tf b 

, aihi 

wheAcc - will cxprefs jtbe area ^ the triangle 

G OP, and fince l^rai expreffes the are ^ of the clfip- 

tical quadrant, we have 4 i&i&» =1 ^z/X^Xn^rTK 
after hating siolti|)lied by 4^^^. ; : 

Now becai^ r^a^ ■ , exprefs th^ circlei dcf* 

cribed by the radii, O A, O G, in the roution of the 

r^adt^ 

figure about the axis OF; we have i^raad^ 7— 

3^ 

fer the folids defcribed by the quadrant O A E, and the 
uiangie G O Ft i^ ibat rotatioa i th«rcfore their ditk^ 

rcncc 
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fence is equal to 2rm n by the th ird remark, whidi 

gives 6mnb^ z=zaadx h — ibK 
As the reft of the figure is the fame as before, we 

have jf = r— ^i-|- — — , a^'ssind^ and ^2 -^j ^ 
^ 

V2r»^-|- jjf, as above, 

p X A M P L E. 

. Let a = 12, dz=:gj r = 15 ; then will b =r y.g^ 

and the diameter On sx AE ^/i\lly cpr. 3. will be 
10.6, and if we allow j feet for the thicknefs M « of 
the arch} we haira ^ ;3: 13.6, whence Hssi^z.yi^ 
m z=z 9,23, g =5 19.845; and if we take 61.812 thp 
two thirds of thf ar^a $2.72 for the v4ue of n^ we get 
q zsz 46.36, and 3^949.0238 for the fum of the terms 
under the radicgi %n, whcNfe (quare root is 1971355 
from which fubtr^ing the known term 46.369 and 
dividing the difference by 1 5, gives a; =3 i o.o66b 
n«irly i which is 3.5 inches le& than when the infide 
is circ^laTt this ari(e9 from the difference between 
the weights of the arches; for we found 112 feet in 
problem 3, and here only 92.72, fo that either of 
tbefe arches may be uTed as occafion flvdl require. 

But if r 3;: 9, and the reft as before ; then will 
S5 se; 9-579 which is very little lefs than what has tjeen 
found in the third problem. 

When both fides of the arch is terminated by ellip- 
fis, its piers require lefs mafoary, than when it is ter* 
minated by circles } for we found in the iecond pro- 
blem 8 feet 3 inches, and in the ninth 7 feet 6 inches, 
and therefore the ctifierence is 9 inches: noiwtthftand- 
ing Mr. Belidor found the contrary, and from thenop 
concludes that the elliptic arch has a greater prefliiQe 
than the circular one : this would be true if the weights 
of the arches were equal ; but we have found the area 
•in the circular one to be 63.62 feet, and 47.72 feet in 
the ellipfis ; and therefore the weight of the circular 
arch is to the weight of the elliptic arch, as 133 is to 
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,i.oQ nearly. So that the weight of the Erft is about 
one third more thaft in the fecond. 

P R O B L E M XI, 

Tojind the thicknefs B C of the piers when there are 
counterforts V D ; the infide of the arch being 
circular and the outfde a right line. Fig. lo. 

V * 

Let CV;=:i&, be the length of the counterfortt^i 
which having the fame height as the piers^ and the in- 
terval from the one to the other, is to their thicknefs as 
two to one. 

It is plain that the point C is no more that about 
which the piers muft turn in order to be overfet, but 
it is the point V or eittremicy of the Counterforts : fo 
that the diftance V I of the direftion L I, mud here be 
found on the line V R. 

If we retain the iame values as before. We get ir cs 
.jyiaa, m:=^.y56aj andOH=:2m, by the third 
proolem : whence RH =r <j+ b^z — 2»f, and 
VI=r — a — i&-|-2W — JK, orif^n: c — a.>^b^ 
2 w 5 then will V I =^ — z •, ther^ore mg^-mznz 
will be double the momentum of the arch. 

And fince c z expreflcs the wea of the pier C A, and 
* + -r ?> the diftance of its center of gravity from the 
line R V, we have cbz-^- ^ czz hr its momentum ; 
and the area cb of the counterforts multiplied by 4^ b^ 
gives :^ ebb for its momentum, which being reduced 
in the ratio of 3 to unity, gives i-cbb% therefore twice 
the fum of thefe laft momentums, muft be equal to 
that above, by cor. after prob. i , that Wczz-^-icbz 
^^cbbszing — swz; and if j = » -|- r /& -, the 
fquare root of this equation wilt be rz -|- ; =1: 

E X- 
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EXAMPLE. 

Let tfssi2y ^zsp, &sr4; then will » s= 1 12» 
m sz 9^072^ ^ 2SZ 1 1. 144, and q ss 148; hence 
43938.304 will be the Turn of the terms under the la* 
dicalfign, whofefquare root is 209.614 \ from which 
fubtra&ing the known term 148, and dividing die dif- 
ference by 99 gives 2^6.846 feet nearly, or BC 
equal to 6 feet 10 inches, which is 14 inches only leis, 
than what Mr. Vauban has given to his piers, the coun- 
terforts being the fam^. 

If we fuppofe rj=i5, and b:zz5\ the reft being 
the lame as before, we fhall have ;f =: 1 12, i9f = 9.072 
as before, and g 2= 16.144, q s: 187 ; whence the 
fum of thfc terms under the radical fign is 87337.84, 
whofe fquare root is ^gs*s^99 ^^^^ which iubtradting 
the known term 187, and dividing the difference by 
15, gives 2s = 7.235 nearly, or BC equal to 7 feet 
3 inches nearly, whereas Mr. Belidor finds but 3 feet 
one inch for the fame thicknefs ; which methinks might 
have given him reafon to fulpeft his theory,' as differ- 
ing fo widely from Mir. Vauharfs practice, although 
the latter did not deduce his rules from any theory, 
yec his great practice made him arrive generally pretty 
near the truth. 

If we fuppole the height of the piers f to be 9 feet, 
and the length i, 3 ferf'only, we mall find % r= 7.746 
or BC equal to 7 feet -9 inches nearly, which differs 
from the thic|cnefs given by Mr. Vauban^ by 3 inches 
only ; fo that according to this theory, he made the 
length of his counterforts one foot more than is re- 
quired. 

Having confidered that moft praftitioncrs are unac- 
quainted with algebra, and being willing to render this 
book ufeful to every pcrfon employed in thefe works, 
we imagined that a table containing} the dimenflons of 
the piers of different width of arches would be accept- 
able to many of my readers, we have infer ted the fol- 
lowing one. 

E ATa* 
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The firft column lo, 12, 14, &c. exprefles the 
width of the arch^ in feet ; the reft of the columns, 
the thicknefles of the piers in feet and decimals, an- 
fwering to their heights marked in feet in the vertical 
column 9, lo, ii, i2» &c. refpe^vely from 9 to 
20 feet. 

It may be obferved that the length of the counter- 
forts, have here been made one iixth part of the open* 
ing of the arch, or 3 i& is always equal to the radius a: 
which proportion we found to be moft agreeable in re- 
gard to the thicknefs of the piers ; for by making the 
counterforts longer, the piers of fmall arches would 
become fo thin, and the materials would thereby not 
join (6 well, which ought vo be avoided. 

Thofe who arc not verfed in Algebra, may depend 
on the dimenfions here given, and that the at'cbes will 
be good and lafting, provided the work is well exe* 
cuted, and the materials good ; it is however advife- 
able to leave the centers ftanding at leaft for fix months, 
in order to give time to the malbnry to.fettle and har- 
den ; which being done, the work will not fail after-, 
wards. 

PROBLEM XIL 

T^find the thicknefs of the piers j having cmnter-- 
forts when the infideis aneUifjis. 

Becaufe we have 6mnb^ zrzaad x ^' — 2 >b^ and 
^bbn zsi adxzib — « rbb by problem Xi and 
R H = tf -|- /-j- 2 — 2 w, by die laft problem, fup- 
poHng C V = / ^ and by the fimilarity of the triangles 
O AE, R H I, we have AO {a) : OE (d) : : R H : 

RI = J + ^V--— • Hence VI =..^ 

a * a a 

, dl dz , 2dm ,- . dl ^ 

tf — — — \ or if £ = f -^ tf — — -t- 

E 2 2^IWj 



^1 . 



PRACTICAL Sea.*/ 

'^^ dz 

-. ifcgstVI=sx — — f ^wd therefore 3/ii~ 

** •* i s 

- '- » will be douhk the momentum of the arch, which 

therefore is equal to double the momentum of the pier 
a&iUcounteribrt^ found in thclaft problem; that is, rzz -)« 

2c/«-|-^f//=2j^ji — — — ; and if ; = ^/-|- — ; 

Ae Iquare root of this equation will be cz^qss. 

EXAMPLE. 

Letazs i2|^srf s=9, /= 4; then will »= 92. 72, 
M= 9.23 by problem X. whence |- = 10.845, and. 
; = 105.54 1 thefe values being fubftituted into the 
equatioiv ab6Ve, gives 28806.5628 for the fum of the 
terms uiider the radical fign, whofe fquare root is 
169.72, from which fubtradting the known term 
i^5-54> And dividing the difference by 9, gives 
X = ^.13 feet. 

This thicknefs of the piers exceed that, when the 
arch is circular by 3 inches only ; but as the quantity 
of mafonry in the circular arch is to the quantity in 
the elliptic arch, as 112 to 92.72 ; or as 7 to 5.8 near- 
ly \ it is evident that the elliptic arch and piers toge- 
ther require lefs mafonry than the circular arch and its 
piers. 

Since then the elliptic arch is rather ftronger at its 
hanches than the circular one, and the middle or its 
weakeft part, fuffictencly covered by mafonry ; and as 
it is lower, and thertfore better covered from the fight 
of an enemy, it cannot be fo eafily deftroyed ; it is 
evident, that it may be ufed as well, and often with 
greater advantage, than the circular one. 
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PROBLEM XIII. 

^ojind the tbicknefs of the piers of a circular arch 
when there is a wall A E F G above the piers as 
it happens over the gates of afortrefs. Fig. 1 1 . 

The fame thing being fuppofed as in the fecond 
problem, and calling the thicknefs A E of the wall dy 
its height £ F, b\ then will d b exprefs the area of 
the wall, which being multiplied by z •— | ^, gives 
dbZ'^^iddb for its momentum, and as that of the 
pier is iczz^ that of the arch ng^^m^nz^ by the 
fecond problem, and therefore rz z '^idbz^^ ddb^zz 
2 ng — 2»2; andif^ = »-f- dbiwc (hall have rs-j- 
q sr i/i cng'\'Cddb'\-qq. 

N. B. It mult be obferved that 4» = rhb^^raa^ 

ir » = d -4 ttj and £ =s c — 4 -4- 2 m by the fc- 

cond problem. 

EXAMPLE. 
Let 11=5, * = 7» ^=10, i/=2, b:=zio\ then 

will »= 18-852, «i= 3.854, Jf= 12.708, J=: 58.852 ; 

and performing the operations indicated by the equa- 
tion we ihall find z, or the thicknefs B C of the piers 
to be 3 feet 3 inches nearly. 

PROBLEM XIV. 

TCofind the tbicknefs of the piers when the arch 
is elliptical^ the reji being the fame as before. 
Fig II. 

If the height within of the arch be called s\ thdn 

hb 

will 4tf»s=:r JX^^ — ^^9 irm:=:aA r-Tf ^ = 

a-f-b 

E 3 tf — 
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r — j-| ^ by the ninth problem; and zng — 

^nz will be double the momentiun of the acch^ which 
being made equal to double the fum of the momen- 
turns of the pier and the wall» found in the laft pro- 
blem, ^ts c zz-^ 2 dbz — ddb^z^^ng-^ inz^o^ 

rz -{- jf r=: sjicng ^ cddb-^-q^q^ by fuppofing 
q^:sz,n^zdb. 

EXAMPLE. 

Let tf = 5, * = 7> r = lo, rf= 1^ b:=s 20, as be*' 
fore, and the height J = 4; then will ?f = 15*08^ 
!»=: 3.854, 1^=1 2. 1 66, f = 55.08 ; anid perform- 
ing the operations indicated by the equation, we get 
2:^=3.154, which being fomething Icfs than the for- 
mer, (hews that either of thefe flgurea may be ufcdj^ ac- 
cording as it is judged convenient. 

PROBLEM- XV. 

^ofnd tbe thicknefs of the piers of a circular arch^ 
when tbey bavf a given ^fe CD on the outfide^ 
Fig. 12. 

From the point C draw C E,. and D F parallel tc^ 
AB, and let the direftion LH meet CE in I;, 
then if B F = 2, F C =^, and the reft as before, the 
reftangle c z multiplied by ^z^b^ gives 1 c 2; z -|-> 
cbziox the momentum of the part FA of the pier^ 
and \bb€ will be the momentum of the part C F I>a 
therefore €zz^^9bz'^\cbb =: rng — %nz by the 
fecond problem I and if j=Lri&«f>n,, the iquare root 

of this equation will be C2+? = ^l^cng — ^^ctkb^^q^ 
The values of m and n are the fame as in the fit- 
tecnth problem, and g^==.c — a^-^b'^zm. 

EX- 
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EXAMPLE. 



55 



Let tf = 5, ^ = 7, r = lo, bzzzii then will n = 
18.852, iw = 3.854 as before, and ^=10.708, y = 
38,852; whence the fum of the terms under the radi- 
cal (ign is 5279.5719, whole fquare root is 72.66, 
from which fubtradting the known term 38.852, and 
dividing the difference by 10, we get z =s 3.38 near- 
ly^ and BC equal (o 5.38 feet. 

PROBLEM XVI. 

7^f fame thing being fuppofed to find the tbicknefs 
of the piersy when the arch is elliptical. 

The fame denoniination being fuppofed as in the 
fourteenth problem ; then the values of m and n are the 

(amc here as there; and r = r — j 1 -j 

a a 

therefore, if j = Vcby the reft will be the fame 

** a • 

as m the laft problem, that is r2-^-j = i^2#ii^ — 

^ccbb^qq, 

EXAMPLE- 

Let tf == 5, ^ = 7, r = 10, J = 4, i& = 2 ; then 
will n = 15.08, m = 3.854, ^= XO.566, j=: 32.064^ 
and performing the operations indicated by the equa- 
tion, we (hall have z = 2.86 j and therefore B C will 
be 4.86 feet. 



'i 
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PROBLEM XVn. 

Suppofe a wall lHOhM to be cmtinued ahme tbf 
arch with a Jhpe on the outfide 5 to find the 
tbicknefs KP or LM, tbe bafe PO of the 
fiope being given. Fig. 13. 

LctPO = rf, PL = A; KP = 2; and the reft an 
before J then zb multiplied by i z + i, ^vcs \ h zz^ 
db z for the momentum of the part P M of the pier, 
and 4iA multiplied by j-i, gives j-iJA for the mo- 
mentum of the other part O P L ; the reft being the 
fame as in the fifteenth problem, and therefore 
bzz'^2dhz'\'\ddb^sz%ng^^2nz\ and if ;s= 
n-^-d btht fquare root of this e quation will bf:A?-J- 

j zizf^inbg'^^ddbb-^'qq. 

-EXAMPLE. 

Let tf=:6, ^=:8, cssioi b^z iS, drs 31 then 
will IT =22 nearly, mzs:4.^S6, j' = f--«tf — i-4* 
2 i» = 9.972, ^=: 70*, and finifhing the reft of the 
operations indicated by the problem, we (hall have 
2 rs: 2 feet nearly •, and therefore K O, is 4 feet. 

Arches, as thefe are ufeful in building galleries be- 
hind the counterfcarps of ditches, fuch as are made at 
Bergen-op-zoom^ but when they are made pretty large, 
they become too high ; for which reafon I would 
choofe to make them elliptical ; and as we have all 
along found that their preifure is rather lefs than that 
of the circular ones, on account of their having lefs 
weight \ the fame computations we made in regard to 
circular arches, will equally hold good in the elliptical 
ones. 



PRO- 
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PROBLEM XVm. 

Ito find the tUchufs BF orAD, when there h 
a frejfiare of earth agoing the outfidefiope CD. 
Fig. 12. 

We have fhewn in the firft fedion of this work, 
that the preflure of earth when compared to brick walls, 
was equivalent to ^ parts of the cube of its height } 
and as thefe walls are commonly made of bricks, we 
have no more to do, than to add ^ o^ to the momen* 
turn of the pier found in the feventeenth pr oblem, in 

order to have the equation r z »{- j a ^/zcng^ 

EXAMPLE. 

Let tf «= 5, h t:=^jy ^ = 10, i& = 2 ; then will n « 
1S.85, m ^ 3.854, g « 10.708, as before in the fif- 
teenth problem, and ;»^8.85*, thefe values be- 
ing fubftituted into the equation, and the operati* 
on^ performed as indicated by the equation, gives 
2 s 2 feet nearly, and therefore BC is 4 feet. 

PROBLEM XIX, 

^0 find the tbicknefs of the piers^ with counter^ 
forts^ when there are two circular arches heldfw^ 
and afmall one above. Plate I V. Fig. 1 4. 

The fame denomination being fupp<^d as in the 
eleventh problem, in regard to the lower arch, and 
let the fame lines be drawn in the upper one ; then if 
oa =Sy O Q^or ro =/, Q^^ or O r = x •, u half the 
area of the fmall arch, ob = ^p\ then will u « •777-^^ 
and^ = 756 J, by the eleventh problem : whence r^fr 

or 
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orr/=/— 2/; OiorOH = y— /-[-2p; RH 
£?r, RI =tf-|-i&-|-2;^x4-/ — 2^i and VI =r — 
^ — b — 2-|-y— /+2j); or if^= ^ + Af-f-2p--* 
^— h^—f\ then will V I ^ j^ — 2, wliich being muU 
tiplied by 2 ir, gives 2 «j; — 2 » 2 for double the mo- 
mentum of the upper arch ; this added to ^ng — 2'» % 
double the momentum of the lower arch, and the 
fum made equal to double the momentum of the pier 
arid counterfort found in the before mentioned pro- 
blem, gives rz 2+ 2r/&2-|-^ri&A== T.ng^^uy-^ 
inz'-^zuz'y whence if q ^ cb^n^u, the fquare 
root of this e quation will be r z -}- y = jJz cngJ^ 
zcuy^^^ccbb-i^qq. 

EXAMPLE. 

Let ij=i2, r = j = 8; then if O Qj=/ =» 14 4. ; 
that is the lower arch, being three layers of brick 
thick; and the height P^ = 5t; then will Qj *= 
x^io\ « = 49.728, jp= 6.048, y=^9>y6iy and 
n^i\2y ^^=9.072, |'==io.i^4, by the eleventh pro- 
blem i hence we get j= 197.728, and 64700.98 for the 
fum of the terms under the radical fign, whofe fquare 
root is 254.363 ; from which fubftradtihg the known 
term 197.728, and dividing the difference by the co- 
efficient, gives z= 7.08 nearly. 

N. B. We have fuppofed the trilinear fpace S be- 
tween the lower and upper arch to be empty j that is 
without mafonry, befides a fmall fpace between the 
roof and the pier of the upper arch has been neglected ; 
but as it hardly can make any fenfible difference in 
the thicknefs of the piers, the reader may depend 
on' that found here to be fufficiently exadb for 
pradice. 
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P R O B L E M XX. 

T^ofind the tbicknefs of the piers with counterforts^ 
v)ben there are two fmall arches below^ and a 
great one above. Fig. 1 5. 

Let 41 » 1 ; the height V r of the lower piers, x ; 
ti = .Tjy ss\ f » .756 J i then will oh=. 2/, by the 
eleventh problem ; and a$ #rs=:j-|-A-^2, we get 
rb or ri=:j'-|-^-f-2f — 2p> and Vj =:ar— i— /> 
— Z'\'2pi or if jr = x-|-2^ — x-^^v then will 
V i z=:y — z^ therefore 2 tf j — ^ « 2> will be twice the 
momentum of the lower arcb« 

Now if we fuppofe the fan>e values as in the eleventh 
problem, for the upper arch -^ that is 11 = .777 a a^ 
»::= -^T^^d^ ^=^c4- 21a— tf — &i then will 2 ir^ — 
2 ff z be twice the momentum of the great arch ; and 
therefore €zz'\--%cbZ'\-\€bhz=i%vg-\-zvj,^m. 
2«2:--^2 uyi whence if 3 = £^^-{-» + ic; t he fq uarc 
root of t his equa tion will be iZ'\-^z=:.sJzcng^ 
%€uy^mm\^cbb^^(^. 

EXAMPLE. 

Let #r3i5> r 7=1 26, ;rs:i=r6, bzsi^i then 
win n = 27,972,/^ = 4.536, jr= 5.072^ »= 174*825, 
f» = ii.g4^ andjgr 3=: 29*3^9 f =306.797 ; now the 
operations indicated by me equation being performed, 
we (hall have a: 2=: 1 1.54 feet. 

Either of thefe two laft problems maj ierve to con- 
ftro& large powder ms^asdnes in the inland part of the 
country^ where no enemy can come near them ; for 
in fortified places, engineers choofe to make feveral 
fmall ones, fo that if any one be deftroyed by the ene- 
my, the powder might not all be loft, which would 
prove the lofs of the place at the iame time. 

If the arches were made elKptical tnfiead of circu-^ 

lar^ they need not be fi> high^ and a great deal c^ ma- 

% fonry 
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fonry might be faved» as has been Ihewn in the twel&h 
problem. 

PROBLEM XXL 

Let either of the exterior or interior curve of an 
opch be given to find the other fuch^ that aU the 
arfb-Jiones Jhall be in equiiibrio mtb each other. 
Fig. i6. ' 

Suppofe the interior curve AbcdBbe given» and 
let all the joints produced, meet in the fame point C ; 
from the centers of gravity v, ^, y of the arch- 
ftoneSy let the lines vr, xs^yty be drawn at right 
angles to the horizontal line D Q^ drawn at pleafure, 
and the latter interfefting the joints in E, F, G ; then 
it is evident, that if D £, expreflfes the weight of the 
ftone V, £ F that of the Hone Xy and F G, that of the 
ftone y ; the line C D, will cxprefs the force with 
which the ftone v, prcffcs the vertical joint HA; C E, 
the force with which the ftoncs v, y, prefs the joint 
I^, and CF, the force with which the ftones y, jr, 
prefs the joint K^; for becaufe three powers are in 

Suilibrio with each other, when they are as the fides 
a triangle which are perpendicular to their direction; 
and the fide D E, is perpendicular to the direction v r, 
of the weight, and the fides CD, C £, perpendicular 
to the directions of the forces with which the ft<Mie v^ 
preiTes againft the joints CH, CI: Again, EF, is 
perpendicular to the direction x j, of the ftone x, and 
C E, C F, perpendicular to the dire&ions of the forces 
with which the ftone x prefies the joints CI, C K ; the 
fame thing is true in regard to any other joint. 

Since therefore the fame line C £ exprefles the forces 
with which the ftones x, y^ prefs each other in con- 
trary directions, they deftroy each other; again as 
the fame line C F, exprefiTes the forces with which the 
ftones y, yj preis each other in contrary directions, 

they 
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they likewife deftroy each other ; and this is true in 
reg^ to any other two adjacent ftones. Confequent- 
if the weights of the ftones are to each other as 

e lines D £, £ F» F G, they will be in equilibrio 
with each other. 

Whence, if the cunre H I K L M be fuch that the 
fpace A H I ^, be always equal to the correfpoatf ng 
triangle CDS, ic will be that required, becaufilthe. 
height C D, of that triangle is given, its area will be as 
the bafe DE. 

' Now becaufe the circular fedors defcribed by the 
radii C£, C3, CI, in the fame* time, are as the 
fquares of thefe radii, and fince thofe fedors are like- 
wife as the fluxions of the fpaces CDE, CA3, CHI; 
and the difference between the two laft is equal to the 
iirit, by what has been proved; the difference between 
tne fquares of the radii CI, C^, will likewife be 
equal to the fquare of the radius CE« 

Hence, when C £ becomes CD, CI becomes CH 
and C b becomes C A : therefore the fquare of C D is 
equal to the difference between the fquares of the height 
C A, and C H at the key-ftone, which being ^ven, 
the line DQ^will be given in petition, and from 
tfi^nce the curve may be defcribed. / 

Though we have fuppofed the interior curve given, 
yet it is manifeff, the folution holds equally good 
when the exterior curve is given. 

When the interior curve A B, becomes a right line 
parallel to D Q; the exterior curve H M, will alfo be 
a right line parallel to D Q^ For becaufe C £ will be 
to C ^ as CD to C A in this cafe ; and therefore C £ 
and C I will be in a conftant ratio ; viz. in the ratio of 
C D, to the root of the fum of the fquares of C D and 
C A. Which (hews that flat ceilings made of Hones, 
fo'as all the joints meet in the fame right line, or flat 
arches, if we may call them fg, will have ail their 
ftones in equilibrio. 

PRO- 
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PROBLEM XXn. 

ya €mfiru3 the exterior curve H M) ti^m the in^ 
terior A B is given. 

Cfe I. Let the interior curve A B be a quadrant of 
a ciilrte, defcribed from the center C with the radius 
C A or C B ; and fuppofe the thicknefi AH or length 
of the key-ftone to be given ^ then if BD be made 
equal to C H, and through the point D, the indefi* 
nitc line D Q^be drawn parallel to C B. 

If after having drawn feveral radii CI, C K, C L, 
CM; interfering D Q^ in E, F, G ; you m^e one 
of the legs ae of 2L right angled triangle a cg^ equal 
to CA; and you take upon the other always r^r= 
CE, f/=CF, ^^ = CG, and then Cl = ae^ 
C If. = tf /, CTL r=:agi the curve paffing through the 
points. H, ly K, L, will be the required one. 

For becaufe CA, CB, are equal by fuppoHtion^ 
and C H, B D, by conftru6tion, the fquare of C D 
will be equal to the difference between the fquares of 
CH, or BD, and C A; and fmce, C A, ca-, CE» 
r^and CI, acy are equal, the fquare of CE or ce^ 
will be equal to the cfifference between the fquares of 
C I and C ^ or C A ; confequently the curve H L is 
that required. 

Fig. 17. Cafe II. Let the interior curve A B be a 
circular arc defcribed from the center C, with the 
radius C B or C A, and let the part A H of the radius 
drawn through the vertex A, exprcfs the given thick- 
nefs of the arch in that place i on C H as a diameter 
defcribe the fcmi-circumfcrence of a circle H M C ; 
take C M equal to C A, and in C A ; CD equal to 
H M ; and draw the indefinite right line D Q^parallel 
to the horizontal jf^ * ^£ ; then, after having taken 
upon one of the legT SU to C A, of a right angled 

triangle "i^^n^ ^^Ult^^ ^^> ^/' ^^^ ^^' 

fpcftively 
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Q)edively equal to the lines C E, C F, C G ; and you 
make CI, CK, CL, equal to the correfponding 
lines ae^ af^ ag\ the curve line HIKL paffing 
through the points If , I, K, L^ will be the required 
one: 

For becaufe C M, C A. and CD, H M are equal 
by conftrudion ^ the fquare of C D is equal to the 
diflference between the iquares of C H 9na C A ; and 
iince we have alfo C A, C £, CI, equal to ca^ ccy ci^ 
reipedively, it follows that the fquare of Q I i$ equ4 
to the difference between the fquares of C A9 4nd C £; 
coniequendy the curve II K L^ has been rightly coa- 
ftrufled. 

This problem has been given at the beginning of 
the fifth fedlion, book the thir4 of oyr mathcnucicai 
t^eatife, not Qnly for arches generated by a paral- 
lel, but likewife for fuch as are generated by a circular 
jcnotion ; which the reader is referred to, if he W4nts 
to know all the different cafes. 

We have endeavoured in this fe<5tioa to. give ajl the 
difTerenc problems that pofTibly can happen in pra6);ice» 
relating to this fubjed i and to render it of more gene- 
ral ufe, we have given the table of the dimensions of 
piers for feveral openings of powder magazines ; and 
though the arches are fuppoied to be circular, yet the 
fame dimenfions may ferve for elliptic ; or parts of 
circles. For in all the different kinds of arches, the 
thickneis of the piers of the circular one has always 
been found the greatefl, contrary to the erroneous no« 
tlons of other authors ; who have looked upon the 
circular one as the flrongefl: and the beft, without 
being able to give any other reafon than becaufe all the 
joints meet in the fame point ; not confidering that the 
fame thing is fo in all arches, made of parts of circles : 
and as the fineft bridges in Europe are built with ellip- 
tic arches, it is nianifed, that they are able to fupporc 
the weight with which they are loaded : bcfides we 

hav^ ihcwn that they require about, one third lefs ma- 

fonry. 
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ibnry ; it muft therefore be allowed that they are pre* 
ferable to the circular ones, efpecially when it is con-^ 
fidered that they look more beautiful to the eye, and 
their dope is much lefs ; which on the contrary is (o 
very hi^ in Wefimt^er-Bridge^ that it is with the ut- 
ihoft difficulty, that heavy loaded carri^es can get 
over it ; though in many other rti))efts, one of the 
fineft in Europe. 

It is alfo eafy to fhcw that powder-magazines, made 
with elliptic arches, have thd advantage over circular 
ones in many cafes. For in forts, or wherever the 
ramparts are low^ it is impoflible that circular powder- 
magazines can be built fq low as not to be feen by the 
enemy from without, and therefore will endeavour to 
deftroy it as foon as he can, knowing that the furren- 
dtr ot the place depends on it ; and if they are built 
under ground, the powder can at leaft no longer be 
kept in it than during a fhort fiege, otherwife it would 
foQn grow damp, and lofe its ftrength : whereas an 
elliptic arch may be made much lower. Nor will the 
Ihells have a greater efieft upon thefe than on the 
others, becaufe the weakeft part is fufficiently cover- 
ed with mafbnry, to as to be in no danger ; and as to 
the hanches, they are more cufvated than the circular 
ones, and of confequence are ftronger in that place. 

The two laft problems are particularly ufefiil in 
building of bridges, becaufe the arch-ftones being in 
equilibrio with each other, it is manifeft, that the 
bridge will be ftronger, than when they are made in 
any other form : it is true that the upper part of a 
bridge cannot be made in this form, unlefs it is 
of one arch only ; fince the paflage muft have a regu- 
lar afcent and defccnt : yet neverthelefs, the arch- 
ftones being formed in this manner, and the reft of 
the fide walls being finilhed in the ufual way, the 
overplus of the weight is not fo very confiderable as to 
produce any very great alteration in refpe<% to the force 
of the arch ftone. 

Befides 
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BeQdes when a bridge is buik otherwife, that is, in 
the ufuai manner, the weakeft part is loaded with a fu- 
pernumerary weighty as well as the ftrongeft, whereby 
it remains ftiU the waeakeft, and if that part is more 
loaded in proportion than the reft, the force to refift 
that weight muft be weakened : on the contrary, the 
greatcft part of the weight being in equilibrio, the re« 
mainder cannot caufe ^ great a difference, as in th« 
ufual manner* 



SEC T. III. 

Of the Strength and Qv ality of 

TIMBER. 

S the ftrength and goodnefs of a building entirely 
depend on the well proportioning and uniting 
whole together, in fuch a manner, as every part 
thereof may bq equally (trong *, and as we have in the. 
firft fedUon given tables of the thicknefs of walls which 
fupport earth, of any height, and according to any 
flope, that may be ufed, as likewife fhewn how to 
find the proper thicknefs of piers of vaults and arches 
of any form or opening ; it remains now to treat of 
the different kinds of timber, and of their qualicy, as 
well as of their ftrength, in refped to the different po- 
rtion in which they are made ufe of; efpecially of thofe 
mod commonly employed in buildings ; in order to 
render this work as ufetui as is polTible, and thereby 
enable a young engineer to judge whether a building 
already executed, is com pleat in all its parts, or when 
a building is propofed, to make all its parts in due pro- 
portion, in fuch a manner as to be every where equally 
llpong and good, and to avoid all needlefs expences y 
which is the point of greateft perfef'^ion that can b^ at- 
tained in the art of building. ^ 

F Of 
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0/tbe'S ATVUz anJQvALirY of TIMBERS. 

4 

Of all the difiertnt kinds of timber known in Egnpe 
for buildings oak is the beft in all refpe£ts« becaiife 
when it is^ well feafoned and dry, it is very tough and 
hard, it does not fplit fo eaiy as other timjbcr, and 
bearfr a miich greater weight than any other whatfoever ) 
when it is ufed under cover, it never periAieSy no more 
than in water ; on the contrary, the older it grows, the 
harder it becomes ; and when it is expofed io the wea- 
ther, it exceeds all -other timber whatfoever for durable- 
nefs. 

Fir timber is the next in degree of goodaefs for 
building, efpecially in this country, where they build 
upon leafes ; for it lalls pretty long, when under cover, 
is. very light, and is the cheapeft timber that can be 
Bought. It diffei^ from oak in that it wahts not lb 
much fbafoning, and therefore nO great ftock i& re* 
(juired before-hand : whereas oak muft be kept at leaft 
a twelve month, and the longer it » kept the better it 
rt; on the contrary, fir is much ftronger while the 
refinous particles are not exilerated, than when it is 
V^ry dry, as I have found by fevcral experiments c Fir 
is uied for flooring, above ail other kind of' wood, 
for wainlfcoting lind the ornamental parts of build- 
ing within doors ; it lafts likewift a great while under 
water; fome pretend, that h never pcrifties there, no 
more than oak. 

Elm is the next wood* in ufe, c4pcoially here and in 
Prance^ where it is plenty ; becaufe it is very tough and 
pliable, it is eafily worked*, and does not eafily fplit. 
it bears driving of bolts and hails into it better than 
any other wood : for which reafon-, it is chiefly ufed 
by wheelwrights, and coachmakers, for (hafts,- naves, 
fellows, and other fuch like things, and is almoft the 
only- kind of wood ufed-m artillery . 

Beach 
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Beach is alio very ufeful upon many accounts ; it is 
very tough and white when youpg, and of great ftrength^ 
but liable to warp very much when expofed to the 
weather,- and to be worm-eaten when ufed widiin 
doors ; its greardl ufe is to make planks of it, bed* 
fteds, chairs, and other houfhold goods; and they ufe 
it likewife abmad, for axletrees, fellows, and in other 
wheelwrights works. 

Afii is Kkewife a very good wood, but very Scarce 
in mod parts of Europe^ it fcrves in buildings, or for 
any other ufes where it is (kreened from the weather \ 
hand-^ikes and oars are chiefly made of it, and indeed 
it is the only wood that is fit for this and any other 
things which require to be tough and pliable. 

Wild chefnut timber is by many efteemed to be as 
good as oak, and feems to havel>een much ufed in old 
buildings; but whether thefe trees are not fb common 
ac prelent as they have been, or have been found not 
toanfwer fo well as was imagined, it is certain that this 
timber is quite out of ufe at prcfent. 

There arc befidcs many other kinds of woods, which 
are efteemed ufeful upon fundry occafions, fqch as 
Englifi) and Virginia walnut, mahogony, cedar-wood, 
rofe and box-wood, for turners and cabinet-makers 
works ; but as we intend to confine ourfelves to thofe 
woods only which are ufed in building; fo the fol- 
lowing obfervations, fhall extend no farther than to 
^chofe mentioned above. 

Oak may be diftinguiihed into three forts, viz. that 
which grows on high gravelly ground, in thick 
forefts, and that which ftands on the flcirts of forefts, 
in hedges, or any where elfe, in damp or low ground, 
where the air has a free circulation. 

That which grows on high gravelly ground, is of a 
reddiih colour, not much unlike that of red fand; it is 
very brittle, cuts very foft, rots foon, and is neither 
good for building nor burning ; for it never produces 

Fa any 
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any flame no- more than if it was rotten, for w^bich 
reafon we fhall fay no more of ic. 

That which grows in thick foreils, where the air 
.has no free circuUtioo, is very tali and (brait, witbouc 
icnotSy fplics eafiiy, aiul has a very, fine whitiib grain ; 
4F ' is therefore very good for building, and for any 
■other carpenters work ^ it makes exceeding fine planks 
for all forts of cabinet works, its .natural colour ^nd 
^rain^ being To beautiful as no other wood can fcarcely 
exceed > but as this . wood is very tender and fplits 
eafiiy, ic is tiot good for (hip building, and therefore 
never to be ufed . therein but when no other is to be 
had. 

The third fort, which grows in (oft ground, and wherp 
the air freely circulates, is very hard and tough ; it is 
never (b tall nor fo ftrait and fmooth as that in thick 
forefts \ but is the befl that can be ufed for building 
of (hips *, efpecially if it Hands in a wet foil ; I havp 
|een fome that grew in a damp meadow ground which 
was fo tough as that the fplinters would twift like ropc^fs 
without breaking *, if I mifbke not, this is the reafon 
lliat the Englijh oak is fo much better for building 
ihips than any other in Europe \ becaufe the foil where- 
in ic grows is generally damp, and low, and the fo- 
. reils are not fo thick as they arc elfewhere, by whidi 
.the air circulates freely*, whereas that which comes 
»from N^rxuay or other parts oi Germany ftands very 
thick and in great forefls, for which reafon it is fp 
tender and fo good for capenters and joiners work. 

fir may likewife be diftinguifhed into three different 
forts J the red, or yellow and the white, and a fort be- ' 
tween both. The, red is by much the beft and the 
moft durable ; becaufe it is much 'more impregnated 
with refin or turpentine, which fills its pores, and pre- 
vents the water or dampnefsfromentering, and therefore 
. is more able to withlbnd the weather than the other : I 
believe that dus is the fort from whiqh pitch and tac 
..is extracted ^ this fort is always ufed in works that are 

expofed 
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cxpoled to the weather, and for (takes, %o drive m th^ 
ground, but then it fhould be burnt in the fire and 
^ pitched over while warm, which will preferve it much 
longer 5 it has likcwife been obferved, that it does not 
decay under water 5 and it is the beft for carpenters 
work. 

The white fort is not fo ftrong nor fo durable, but is 
very good for the infide of a building ; fuch as for 
flooring, doors, wainfcoting, and other fuch like works; 
its colour and fmoachnefs of grain makes it preferable 
for that ufe to the red fort ; as to the third fort, it par^ 
takes of both qualities, is neither fo ftrong and du- 
rable as the red, nor fo beautiful as the white ; but 
ferves well enough for all forts of timber in buildings 
where it is not expofed to the weather. 

As to the elm or aih, I cannot find more than one 
fort of each ; yet it is likely that the difierent foils in 
which it grows muft make it either tougher, and ftrong- 
er, or brittle -, as likewife that which grows in the open 
air muft be ftronger than that which grows in thick 
forefts. For all timber and plants in general growi 
ftronger in a free air, then where' th<^y are confined 
from it. 

Beach, which grows in thick forefts, if fofter and 
more britle than that which grows in the free air •, and 
is. very white and tough when young; therefore wheel-r: 
wrights ufe no other than what is very young, and* 
what is no bigger than the fcantlings require ; efpeci-* 
ally wher) ufed for axletrees, but for fellows they fplit 
it into two only 5 but that which is fawed into panks 
is much larger, and yet not too old, otherwife its grain 
is very coarfe and the wood becomes very brittle. 

The goodnefs of timber not only depends on the 
foil and fituation in which it ftands, but likewife on the 
feafon in which it is felled ; in which architeds difa* 
gree very much ; fome will have it felled as foon as its 
fruit is ripe, others in the fpring, and many in autumn 
or the fall of the leaves : and there are fome who pre- 

F tend 
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tenU chat it ihould bb felkd in the increafe or full of. 
tke moon, imagifling that all thiags increafe in the 
fame manner; but we (hall leave thefe moon-blind 
gentlemen to their ow^ii lunatic jiidgment, and give the 
mod rational opinions x^oncerning the propereft feafon 
in which timber ought to be cut. Since fap, as well as 
any other nK>iftner$, U certainly the caufe that timber 
pcriflies much fooner than it otherwife would do; 
which appears from timber expofed to the weather 
not lafting fo long as that which is under cover^ 
as likewife that dry timber, when ufed, is more dura^ 
ble than that which is freih cut ; this being the cafe, 
it is manifeft that timber fliould be felled when there is 
the leail fap. in it ; wJiich is from the time that the 
leaves begin to fall to the time that the trees begin tQ 
bud ; that is from the middle of OSiober to the middle 
of March ; the greateft number of archite6U agree 
with us, that this is the bed feafon for felling timber. 

1 he Weather has likewife an influence over timber^ 
for if it be felled in damp and rdiny weather, it will not 
dry, and if it Ues too k>f)g in this ftate, the fap will 
ihoulderand caufe the timber in time to rot : but if *^ 
weather be dry and fair, it is plain that the air will 
draw-:out the fap and the timber will be more lafting. 

When timber is cut, the bark fliould be taken off 
and let ite for fome time expoied to the fun and wea- 
ther, and afterwards cgt into rough fcantlings nearly of 
the fize they are intended to be ufed, and then laid up 
in ftakes under cover to fecure them againft wet wea- 
ther and the heat of the fun ; for the wet hinders ic 
from* drying, and the heat of the fun fplits it. A9 
oak feems to contain more fap than any other wood^ 
and therefore requires a longer time to dry ; the beft 
way to make it foon lit for ufe, is, as foon as it is cut 
into fcantlings;, to. throw it into water; this has been 
found by experience to -draw out the fap much fooner 
than the weather ; for the outfide will in aihorttime 
grow as black as ink, which is a certain proof) that 
• •• • 4. water 
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water draws out the fap^ in a (faorter time than the air. 
As to the ieafoning ot any other kind of timbers, I 
never heard of any other method, than to (take it up 
in jpiles, in fuch a nsanner as that the air may freely 

Eats between ; and to cover it from the rain and the 
eat of the fun. The time required for drying timber 
before it is .ufed is very uncertain, fome (brts require 
much more than others : oak muft be kept a greft 
while '; for the dryer it is, the harder aqd ftronger it 
grows : this we find by experience : for oak of an old 
building, or of a fhip, is fo hard fometirpes, that tools 
will fcarcely cut it. 

Beach requires likewife a great while drying ; and 
if it is ufed before it is thoroughly feafoned, it warpis 
very much ; and it may be obferved in general, that 
the%cavicr the wood is the longer time it requires tb 
dry : it may be known whether any timber is dry ^nd 
found, by flriking with a hammer pretty hard at one 
end, and if it founds clear and diftinft, ypu are certain 
that it is both found and dry. 

Fir being a light wood requires lefs time to dry than 
any other fort ; fir fc^ntling for rooBng or for any 
other ufe within doors, ought to be half dry only; 
becaufe it is then ftrpngeft, as we have found by fome 
experiments, which ihall be related hereafter \ but as 
to the boards for flooring and wainfcoting they ought 
to be thorouglily dry, otherwife they flirink and fpoil 
the work. 

Timber Ihould likewife be cut when of a proper age ; 
for when it is either too young or too old, it will 
not be fo durable as when cut at a proper age. 
It is faid that oak fhould not be cut under fixty years 
.old, nor above two hundred ; whether this is right ^r 
not, it is very cytain that all timbers (hpuld be cut in 
their prime and nearly when full grown, and before it 
begins to decay ; and that will be fooner or late^ ac- 
cording to the drynefs or mpiftnefs of the foil in wh^h 
it grows : as alfo according to the bignofs of the. .trr^, 

F 4 and 
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and the kind of timber : there is dierelbre no ceitaia 
rule to go hy in fetling of daiber, but experieaoe and 
judgment muft direfb hereas N^eii as in nuuiy more icaies^ 

Methods of computing thejirmgth of Scantlings* 

Mr. Parent is the firft that we know, who Has treatr 
ed this fubjedb in a fcientific manner, and in ord^r t9 
enforce his demonftrations, he made feveral cxper^r 
ments, with various icantlings of oak and fir^ by^ 
which he found that the (Irength of an oaken fcantling 
is to the (Irength of a fir fcantling of the fame fize as 
5 is to 6 : fo that according to this experiment, fir 
wood is ftronger than oak \ Mr. Belidor has after him 
treated the fame fubjeftj and made likewife fcveral 
experiments with oaken fcantlings, but as to the ex*' 
periment in refped to oak and fir, he took the forego- 
ing proportion for granted. The fame opinion, that 
fir is ftronger than oak, has prevailed here \ for, accord- 
ing to Langley^ there was an a£t of parliament mad^ 
after the great fire in London^ to fettle the. dimenfions 
of fcantlings ; in which thofe of oak are always largcf 
than thofe of fir: But as this appeared to me contrary 
to fenfe and reafon^ I rpfolved to try the experiment 
myfelf, and found exaftly the contrary^ as will be feep 
hereafter. As Mr. Parent was a man of veracity and 
character, we cannot imagine that he affirmed more 
than what he feally found ; his oak muft have beep 
weaker and the fir ftronger, than any 1 have n;iet with i 
which led him into this error. 

PROBLEM I. 

5i determine thefirengtb of a fcantling wbofe dimen^ 
' Jions are given. Plate V0 Fig. i . 

We fuppofc that all the fibres of the wood are ftrait. 
Mid of the fame ftrcngth in its weakeft parr, that ij;^ 
libeit it breaks j for it is no matter how they arc elft- 

where ^ 
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vhere ; and char the fibres are the fame in the iame 
fort of wood ; altbo' this is not finely true, yet it is 
fafiiciently near enou^ in pradHce fo as to caufe no 
fenfible error. 

Suppofe the fcantling ABC tobefupported in tfao 
middle D by the edge of a triangular block R, and 
two equal bcxlies, P, Q^, to be fofpended at A and C, 
equally diftantfrom the middle B, of fuch aweightas 
juft to break the fcantling. 

It is evident that the weights P and C^will caufe 
the fcanding to bend at firft fo as to make a kind of a 
curvilinear angle at B, and then to break in that place, 
in a fedion BD perpendicular to either of the fides 
AC : now as the power or force of thefe weights is 
more or lefs, according as they are fufpended farthef 
from or niearer to the point fix D ; thefe forces will 
therefore be in proportion to the products of the 
weights each multiplied by its refpedive diftance from 
the fe£tion BD; or becaufe the weights and diftances 
are here fuppofed equal, twice the produffc of one of 
the weights P multiplied by its diftance, from the 
fi^on B D9 will exprefs the force of thefe twp weights. 

Having determined the force of the weights^ we are 
now to determine the refiftance or ftrength of the 
wood ; which is done in the following manner. Let 
act reprefent the fe6tion of the fcantling ; it is evident 
that this area reprefents the fum of all the fibres to be 
* torn or broken, and as they are all equal and of the 
fame ftrength by fuppofition ; this area will exprefs the 
fum of the ftrength of all the fibres : but as the point 
D, or the bafe ^ ^ of the fedion is fix ; and the di* 
regions of the fibres perpendicular to the area acb: 
the force or refiftance of each fibre is equal to the pro* 
duft of its ftrength multiplied by its diftance from the 
^afe ai : and therefore the fum of ail the fibres placed 
in the iame line df^ parallel to the baie a b^ multiplied 
by their diftance a dy from that bafe a h^ will expreis 
llteir inomei^tuq;) or refiftapce; What has been proved 

in 
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in rrgwrd to all the fibres placed in the line df^ is 
equally true of all thofe placed in any other line j^aind^ 
kl to the bafe a b : and tfaer^fe the fum of all theic 
produdts will exprefs the total ftrength or refiftance of the 
wood : But by a noted property of the center of Ca- 
vity, the produffc of the area acb^ multiplied by the 
diftance of its center of gravity, from the bife ^i^ viU 
exprefs the Dotal ftrength or refiftance of all the fibres % 
or that of the whole fcantling. Confequently, having the 
ftccngth of any fcantling ot the lame wood determined 
by experiment, that of any other may be found. 

Fig. 2. If the fcanding AC be fupported at both 
eods by tht triangul^ Uocks P, Q^ and the weigjbt 
W, hanging in the middle B : then if we fuppofe the 
weights P and Q^ in the laft figure to reprefent the 
blocks P and Q^ in {hss ; and as each block fujpports 
h4if the weight W ^ it is evident that the^ weight W,. 
multiplied by tlie diftaince A B or BC, will expref^ ifis 
iXH>mentum or ibrc^. 

^befame othermfe. 

Since the weight W, is fufpended in the middle bd* 
twepn the point fix j it is evident that each block fiip- 
ports exactly half the weight ; and as the power or foro^ 
04 this weight on the bkKks P, Q^, is as the produA of 
Imlf the weight multiplied by the diftance A B or EC 
4E>f its diredlton from the point fix \ It follows that the 
ivkole force of this weight is as twice the product of 
^alf the weight W multiplied by A B or B C : or as 
Kbe whole weight W, multiplied by the diftance A B, 
wBC. 

COR L 

Hence, if tRc length A C of the fcantling between 
'the points fix A, C, be r; the area of the fe6lion i ; 
•the diftance of its center of gravity, from the bafe rf, 
and the weight W, w, then will \cv) exprefs the 
force of the weight W> and iy, the* ftrength of the 

fcant- 
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fouitling : therefore the momentum of the weight is to 
the momentum of the fcantling bs -i: c w is to ds-^ ot 

2 d s - 2 ds 

a$ f^ is to 5 or if thil ratio be given w =: -«*^. 

c • *^ r • 

From whence we may draw ieireral ufehil conie- 

quenceft^ i • The ftrengths of two fcandtngs of die 

Amt woody and of difitrent dtmenfions, or,' which is 

the ikme» the weights they will bear^ are to each other 

as the products of their fedtions multiplied by the di- 

(kmces of the centers of gravity, from the i»fe, divided 

by their lengths.' 

2. The ftrengths of two fcantlings of the iame WDod« 
which have the fame length ; are as the produ^ of 
theif fedions multiplied by the diftances of dieir centers 
of gravity from tlie bafc. 

3. The ftrengths of two fcantlings of the fame wood 
which hav6 equal {edtiions, are as^ tne diftances of their 
centers of gravity, divided by their lengths. 

4. The ftrength of fcantlings of the fame wood, 
whofe diftances of their centers of gravity of their fee- 
tion$ from the bafe are equaU will be to each other as 
tlieir fe£tions divided by their lengths. 

jV. B. We h&ve taken no notice of the parts of the 
{cantlings at each end, which are beyond the points 
A, C, and which ferve to fupport them on the blocks } 
for they caufe no difference in refped to their 
ftreogth : the fame tbjng may be faid in refpeft to the 
weights of the fcantlings, which are fo fmall in pro* 
portion to the weights they bear, that there is no occa* 
(ion of confidering them ; becaufe thftf'e is no geome- 
trical exaftnefs required, nor can be attained in prac* 
tice. It may alfo bb obferved, that when the weight 
hangs between the point fix ; the bafe to which the 
diftance of the center of gravity is referred, is the up- 
per furface A C J fince it muft open and break firft at 
the lowtr D ; whereas when the point fix is between 
the weight, as in the firft figure, it is the lower fur-* 
face. 

c o R. n. 
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• • • " • 

COR. IF. . 

Ytg. 2. If the Je£Hon of the fcantling A C be a 

reftangic placed flat on one of its ii^es, which we call 

iy and its lieight or other fide* ^; then will ai^ ex- 

prefs the area of the fe6tfon ; and the diftance J 6( its 

center of gravity from the upper bafe, will be 4 ^ • 

riierefore the equality found in the firft corollary, 

2 d s Acb 

w = ; becomes here w sk • Which (hewst 

c c 

that the Jtrengtb of a reSfangular [cantling hying fiat on 

one of its fides \ is as the produSl of the fquare of its 

height miiltifliei by its hafe^ and divided by its length ^^ 

Hence a deal board of an inch thick and ten inches 
broad, being , placed on its flat flde, and (hen pn its 
narrow fide ; the force in the firft cafe will be to the 
force in the fccond, as tinity is to 10. For the force 
io the firft cafe will be as 10 multiplied by the fquarc' 
of unity ; and in the fecond as unity multiplied by the 
fquare of 10 ^ that is, as to is to 100 -, or as unity to 
ib. So that if it bears 50 pounds when it lies flat, if: 
W}11 bear 5C0 when it lies on the narrow fide. 

^his (hews the . reaibn that all timbers in buildings 
are always placed on the fmalieft fide ; bccaufe they 
will by this means bear a greater weight, than if they 
were placed otherwjfe ; and therefore fave a good deal 
of timber ; and this in proportion as they are made 
higher, 

EXAMPLE. 

We may from hence Hkewifc find, whether the pro- 
portions of fcantlings commonly given by carpenters 
are right according to their length ; for which we (hall 
choofe the dimenfions of fir-girders as appointed by 
aft of parliament, after the great fire of London \ whicl^ 
Jre as follow?^ 

Now 
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Length 



10 



12 



*4 



16 



18 



20 



23 



BreadthfFftagh" 



8. 






^ 



8.5 I. 10 



9-5 



10.5 



10.5 



10 



II 



II 



1 1.5 



24 I 12 



12 



^3 



Now if we fuppofe, that the di- 
mcnfions of any one of thefe fcant- 
lings be right, as for example that 
of 10 feet long ; then we n^y find 
thofe of any other, whofe length i^ 

irireii, in tni^ manner. Since thefe 
cantlings ought to bear the fame 
weight or to be eqi^ally ftrong^ the* 
produfb of the fquare loo of the 
Ijeight multiplied, by the bafe 8, 
gives 800, which being divided by 
the. length 10 feet or 120 ini:he8^ 
gives V which expreflcs the ftrength of the given 
fcantling, and therefore muft be equal to the dimen- 

fions of any other 5 —- rr y . 

Now if We fuppofcd the length r to be 1 2 feet or 
1 44 inches, and the height tf , i o inches ; then by fub- 
flituting thefe values into the lad equality, it becomes 

and if 20 be multiplied by 144, and 3 



lA- I 



a • 



144 



by 100 } the former produd divided by the latter 
gives 9.6 inches for the bafe ^, of thefcantltng; which 
is I . I inches more than that above. 

In the fame manner may be found the dimenfions of 
all the other fcantlings, whofe lengths and heights are 
the fame, which gives the following table. 

The breadths of the feme fcant- 
lings being compared, it appears 
that thoie whofe lengths are 10, r2, 
14, 16, 18, so, are too little in 
the former table, and thofe of 22 
and 24 feet long, are too great : 
which (hews that practice alone is 
not fufficient to determine the pro* 
per iize of fcantlings^ and that 
.without the application of mathema- 
tical principles, no great improve- 
ment can be expected in any me- 



Length 


BmdthiHeight 1 


10 


8 


•10 


12 


9.6 


..lOi: 


«4 


10. 1 


10.^ 


16 I11.6 


10.5 


15 I11.9 


II 


20 1 II 


12 


22 


1 9 


«3 


24 ! 


9.8 


I 14 
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chamcal arc wfaatfoerer; notwithftanding what igno- 
rant workmen would infinuate. 

As CO the dImenfioDS of oaken (canclings ^eri by 
workmen, we ihall not compare them, till we have 
given the following experiments, we made with great 
accuracy, and upon which the reader may depend. 

E X P E R I M E N T I. 

Th^ fticks uifed in this experiment were 24.5 inches 
long, from one end to the other, and half an in(^h 
fquare ; they were laid on two trulfes well fquared, and 
flood at 2o inches diftant from each other ^ fo that the 
length of the fticks is to be confidered to be no more 
than 2o inches ; the remaining part ferved only to reft 
upon ; the weight was fuipended in the middle with a 
firing, and being fuch as juft to break the fticks, and 
are as marked underneath. 

Two dry oaken fticks I ^9 lb. 

A dry fir ftick 46. 

Adryelmftick 31. 

The firft oaken ftick feema to have been thorougfy 
dry ; I had it from the dock, and likely was taken out 
of an old fliip ; the fecond I had out of the warren as 
dry as could be had 1 the srain of the wood was ftrait 
in both I but that of the fim was finer than that of the 
iecond, and of a deeper colour ; which, if I am not 
miftaken, denotes, tlm the tree was in its prime when 
felled. 

The fir ftick did not bend fo much before it broke 
at the oak i it was of the reddifli kind, and the ftrongeft 
that could be found : As to the elm it bent very 
much before it broke; and as this laft is fo weak, we 
did not think proper to try any more of it in the fol- 
lowing experiments. 



EX. 
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EXPERIMENT II. 

Two oaken (ticks cut out of an old axletree 
An oaken fl^ck cm out of a l^oke of a wheel 

Three fir fticks out of the fame piece 

A fir ftick of an equal fc<JHoh,' whole bafe 7 
and height were as 2 to 3 J 4 -S* 

The oaken flicks in this experiment had a coaKef 
grain than thofe in tbfc former, and fcem to have been 
of an older tree^ a$ to the fir j[licks no difference couI4 
be perceived, either in the grain, colour, or any thing 
clfe, from the former. 1 • 

By thefe experiments it plainly appears, that oak is 
-ftronger than fir, contrary to thofe made by Mr. Parent^ 
and common pradicc : for the wcakeft oak is (tronger 
than the ilrongeft fir in the firft experknent : in pro- 
portion as 25 to 23: But thofe. in the fecond expeii- 
ment, make a much greater diiFerenc^, viz. as 54 to 
tt 6 i or as 3 to 2 : And if the ftrongeft oaken ftick m 
the firft experiment be compared to the ftrongelt fir \ 
(he proportion will be as 69 to 4^ ; or. as 23 to 15 i- ; 
pr as 3 to 2; that is the fame as before; which v^ 
vcrj confiderable« and therefore deferves to be taken 
notice of. 

As the ftrengtb of the fame kind of wood varies 
very much, it is impoflible ever to come to an exafl; 
koowledge of the juft proportion between the ft:rengths 
pf oak and fir ; out we are certain that oak is tht 
ftrongeft of the two. 

As the lead proportion we have found, that 25 to 
^3, is very nearly, equal to that of 9 to 8 5 fo that by 
making the oak fcantling lefs in that proportion, there 
will be no danger of their being too fmali, only it mufl: 
be noted, that oak ought to have been cut a twelve- 
nonth before it is ufcd, as we have obfcrved before, 

whereas 
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whereas fir does not require above fix months feafon- 

As the laft fir flick had the fame length, and an 
equal feftibn with the others, it is plain that its ftrength 
is to that of one of the others, as the height of the firft 
is to the height of the fecond, by what has been proved 
before : and if x be the height pj the laft ftick, then 

will — , be its bafc, and - — as « ^, or becaufe aand 
3 3 . 

0% ^0 90 

^are^achi or *5: wc.have =.^5; or xx^ 

•375; whofcfquare root gives x = .61 1, or ,6 nearly; 
that is the ftrength of the laft ftick is to that of any of 
the former as 6 is to ^ : Now if we fay as 6 is to 5, fo 
is the weight 42.5, this ftick bore to the weight 35.+ 
nearly, whereas it bore a weight of 36 pounds ; this 
diffcreAce is inconfiderable, confidering that the weight 
cannot be fo nicely obferved, to come within 2 or 3 
ounces j and bcfides, the fticks were not fo exadkly 
of the given dimenfions, as that no difference might 
arifc from thence. So that this experiment, confider- 
ing fo fmall a difference, anfwercd the theory pretty 

hearty. 

Having determined the proportion between the 
ftrength of oak and fir fcantlings, it remains now to 
determine the dimenfions of oak girders, from thofe of 
firi in which we fuppofe that a fcantling of fir , being 
10 feet in length, 8 inches in breadth, and lo 
high, is fufficiently ftrong, and from thence all the 
fiicceeding ones both of fir and oalc have been deter- 
mined^ 



TABLE L 



^•■i^ 
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TABLE L Centring the dimenftons of girders. 

I 

4 

The lengths are expreflfed in feet, aud the breadths 
and heights in. inches. 

"* FIR. 



tength 


breadtr. 


iHc'pht 


lO 


9 


lO 


12 


8 


. 1 1 


H 


9 


If. I 


i6 


9 

10 


I r.9 


i8 


12 


20 


10 


12.6 


22 


' ' ' 
II 


12.6 


24 


II 


i3-« 





OAK. 


Length 


Brewtth| height] 


10 


7 


10 


12 


7 


II 


14 


8 
8 


II. 1 


16 


11.9 


18 


9 


11.9 


20 


9 


12.5 


22 


10 1 12.5 


24 


10 ■ 13 



cab 
For, according to the equality w= , above, 

if c^^io feet or 120 inches, tf=io, ^ = 8; 

anh ■ 
then will w = ¥ • and V = » ^^"^ " ^ = 12 



Stftf 



or 



feet or 144 inches, ^ = 8 j then will y = — 

144 

41 ^ =: 1 2o, whofe iquare root is 1 1 nearly, for the 
fquare of 11 is i2i. In the fame nianner are found 
all the fir fcantlings : And if we reduce y , in the pro* 
portion as 9 to 8 j we (hall have VV for ^^e ftrength 

aab 
of oaken fcantlings : that is Vr = — " • 

^ Vaa 
Hence if r = 10 feet, * = 7 5 then will !^* = , 

I20 

or a a:=: loi, whofe fquare root is lo nearly ; which 
is the fame as in the table ^ the red of the oaken fcant- 
lings are found in the fame manner. 

G TABLE 



Si'" 
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TABLE II. Containing the dimenfions df fir 
joifts common and^immbg. 



Common. 



Trfmniing. 



LengtK 



ElteadCb Height 



8 



lO 



•^ 



II 



12 



8 



2.5 



1 



3-5 



8. a 



8 



8.4 

TT 



J 



Lengih 


Bieadth 


Height 




, 5 ■ 


.3 


7- 


6 


3 


7.^ 


1 j- 
8 


3-5 


7-i 


i -4 


7.6 


9 


4.5 


7.6 


ilO 


: 5 t, 7.(> 1 



The dimendons of the firft fcantlkig in each table, 
are fuppofed to be of a iufficieht ftrength, and the reft 
are from thence determined. For if r =t 6 feet or 72 

A a. h 

inches, ^=:2, and ^ = 85 then will y = — — ; 

^nd. if r = 8 feet, ^ =: 2.5; then will y = — ^^ 1 

o/^tf ^ = 68.26, whofe fquare root is 8.2 ; the fame as 
a^bove. 

But if we fuppofe that r = 5 feet, ^ = 3» and ^ = ;^ 

then will 4t = » by which the fccond table is coa- 

ftrufted . For if r =k 6 feet, * =; 3 ; then will 4|. 5=: 

^ — » or tf tf 58.8 •, whofe fquare root is j^.Sj nearly. 



TABLE 
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TABLE m. Containing the dimenfions of 
bridgin^joiftp. 



fir 



Infnyll Buildingp. 

BregfdthlHM^t 




In large Buildings. 

Length Breadth^dight 



6 



8 



10 

I ■ ■ 



3 






3 I 6.a 



3 16*^ 
7^ ^ 



1 1 



12 



.?'5 



i^ 



6.S 



71 



If we fuppofe chat r sc 6 feet^ ^^22.5, ^z = 5 > then will 
4. • ^ sr , by whkh- the fecond table is conitru&ed, 

c > ' 

and if f == 6 feet, i = 3, « = 5.4, then will ^^ = 

, by which the (econd table is conftrudted. It 

c 

may be obferved that carpenters always allow larger 

fcantlings in hrrge fottildings than in fmall ones, and 

•they miift be Wronger, tlun barely to fupport the 

-weight diey a^'e to fuftain. 

N. B. The reader will find the feveral pames of the 

timbers mentioned in thefe tabks explained in the latter 

part of this f^ork, where we treat of timber frames 

and roofings. 



G 2 



TABLE 



TABLE IV. Cwitaining the dimenfions of tie beams. 





Fir. 








Oak. 




L.n,.L 


Bnltb 


B». 




L<^ 


BraAl. 


m,hi 


12 

— 


6 
7 
7 


8 




12 


.5 


8.2 


8.5 
9-5 


l6 
20 

24 


6 


8.7 
9-7 


20 


6 
6 

7 


"4 


7 


ro.4 


10.6 


2^' 


8 
8 


I0.5 


28 


10.6 


3^ 


'■•3 


32 

36 


7 


11-3 


36 


8 
9 


12 


7 


12 


40 


12 


40 1 8 


12 


44 


9 


44 1 8 


12.6 



By following the fame method as before, wc ihall 

find 4 = > for the equation by which _ the firft 

t^e is conftruded} and 4^ = — ~ nearly, for that by 
which the fecond is coollxu^d* ^ 

TABLE V. Coat^nii^ the ditnenfions of the 
principal rafters. 



Of Fir. 


Of Oak. 


L^rwl. 


Brcjdlh 


5-5 






MeiEni 


18 

20 
22 


4 
4 

4 


18 


3 


6.3 


6,1 


20 


4 


5-7 


6.4 


22 


4 


6 


«4 


5 


6 
6.2 


H 


4 


6.3 


26 

28 


5 
5 


26 


4 


4 


6.4 


28 


4 


6.8 


30 


5 


6.7 


30 1 4 


7 


<2 


5 


6.9 


32 


1 


6.S 


34 


5 


7-1 


34 




6.7 


?" 


5 


7.3 


36 


•i 


6.9 


3 8 


^ 


7-5 


38 
40 


5 

5 


7.> 
7-3 
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Authors ^ve various dimenfions to the principal 
rafters; Mr. Smiib gives one fort, Mr. Price an- 
other, and Mr. I^ngley will have them to be ftronger 
at the bottom than above; but, his is not followed by 
any woikmen, as I am told ; befides Mr. Price fays, 
that they (hould be ftronger in large buildings (han in 
fmall ones, although of the fame length ; I fee no rea- 
fon for any fuch practice ; their ftrength ought rather 
to be in proportion to the weight of the covering, and 
to the diftances they are from each, other : as au- 
thors do not agree in regard to the ftrength of rafters, 
we have chofe a medium between them, .for the di- 
menfions of die firft fcaiuling of each table. 



TABLE VL Containing the dimenfions of 
fmall rafters. 



LoDgth 



Of Fir. 

BreadthtHeisbt 



2-3 



10 



II 



12 



13 



14 



2.4 



2.5 



2.6 



2.7 



2.8 



4.7 



4.9 



5-a 



5-4 



5-5 



15 i^.s 



' •• 



16 



'7 



2.9 



18. 1 



2.9 

7 



»9 I 3 



20 1 3.1 



't.b 



5.8 



5-9 



6.1 



6.2 



, 



Of Oak. 



iLength 


Breadth 


Height 




9 


2-3 


4.6 


10 


2-3 1 4.7 


II 


2.4 4*8 


12 


2-5 


5 


«3 


2.6 


5.2 


14 


2.6 


[5-3 


15 


2.7 


54 


16 


2.8 


5-5 


»7 


2-8 


5.6 


18 


2.9 


5.» 
5.8 


19 


3- 


20 


. .2..- 


6. 



Thefe are the tables commonly given by carpenters 
and architefts, concerning the dimenfions of fcantlings ; 
byt as their exaftnefs depend on the dimenfions taken- 
out of other authors, of the firft fcantling of each ta- 

G 3 ble. 
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ble* fo that if they are not right, all the reft are l&e- 
wife falfe ; but as we always took the Iborteft, which 
are the likelieft to have been ufed, and found to be of 
a fufficient ftrength, \t is prefumed that die other fiant*- 
lings given here are all ftrcng enough^ andperlu^ more 
lb than they need to be. 

EXAMPLE 11. 

Fig. 5. Let a rcftangdar fcantfing be plaoed edge- 
ways, fo that B D be the diagonal, and let the fides 
ftill be reprefentcd by a^ and ^5 then will ^=r 

i V^JT^* V amJ therrfor. the ^uation « ^ ^; be- 

2 a b d ^ 

comes tv =: in this cafe 5 «nd fince -d or the -dia- 

c 

gonal B D is greater than any one of the fides ; the 

fcantling will bear a greater height in this pofition, 

than if it were placed fiat on one of the fides : But as 

wood will yield at the point B, by the ibrce of the 

weight fufpended there ; the (IrcDgth will be found fome* 

thing lefs than is exprefled by thfs equation. 

E X A M P L £ IH, 

Let the feflion of -fhe fcantHng be a drdc, whofe 

diameter is ay and area s ; then will te; =: •— be the 

c 

equation, which fliews that the force of a cylindric 
fcantling, is ttprcflcd by the area of its fcftibn multi- . 
plied by its diameter, and divided by its length ; and 
therefore is to the force of a fcantling whofe Teftion is 
the circumfcribed fqnare ; as the area of ^he xlrcle to* 
that of the circumfcribed fquare. 

It is alio hMmfeft, that the ftrength of a triangular 
fcantling, when laid flat on the bafe, is dguble the 
ftrcngth when the edge is undermoft> fo as the bafe be 
parallel to the horizon. For the diftance of the center 

• ■ of 
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pf grayity from the bafe is half thediftance of that 
ceoDcr from cbp vertex. 

P R O B L E M 11. 

^ofind the 'weight afcantling A C npill bear^ when 
it is fufpended any where between the points A 
andC. Fig. 3. 

Since the block P, which is neareft to the point of 
fufpenfion B, fuppprts a greater part of the weight 
than the block Q, which is farthcft from it ; we are 
to find the parts of the weight which each bears, ip 
order to folve the problem. By the known rules of 
mechanics, the whole length AC of the fcantling 
is to any part A B or B C, as the whole weight W, is 
to the part fupported by the block Q^or P. If there- 
fore we call A B, m, B C, n^ and the reft as before ; 

ft w 

we have f : » : : w : — = to the part fupported by 

the block P ; and cimiiw i — = to the part fupr 

ported by the block Q^ Whence thefe weights being 
multiplied by their rcfpcftive diftances A B, B C, give 

nmw nmw ^ , . j 1. r 

, , for their momentums, and the lum 

c c 

' muft be equal to the ftrength ds of the wood 

by problem the nrft, which gives rsrfj, or 

^ te = for the weight required. 

2,nn$ 

middle 



If we fuppofe the weight to be fufpended in the 

iddle, then will » = w = ^r -, and the laft equation 

2 d s 

l^iccomes'tc; = ; which is the fame as in the firft 

c 

problem. 

* * G4 If 
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If the fcantling A C is refbngular, and its bafe bp 
hj altitude a\ then will ab znSy zaA, d:=iia\ thefe 
values being inftituted into the equality above, gives 
aabc ^ ' 

Since, when the weight is fufpendcd in the middle, 

we have w = ; it is evident, that the ftrefleth of 

c • 

the fcantling when the weight is fufpended in the middle, 
is to the ftrength of the fame fcantling, when the 
weight is fufpendcd nearer to one end than the other, 
as 4 » »i is to r r ; Confequently the weight any fcant- 
ling will bear when fufpended in the middle being 
known; the weight which that fcantling would fupport at 
any diftance from either end, may be found by^thc 
laft proportion, 

EXAMPLE. 

' Let AC be 20 inches, and the fefbion half an inch 
fquare; fuppofe the fcantling to be of fir, fuch as we 
uicd in the fecond experiment, which bore 36 pounds^ 
^nd let Ai be 5 inches ; then will B C be 15 •, whence 
4 » w == 300^ and f ^ = 400 i therefore 300 : 400 : : 
36 : 48 r=: to the weight the fame fcantling would 
bear being fufpended at the diftance of 5 inche^ from 
cither end. 

This Ihews, that in buildings, it fhould be avoided 
as much as poflible, to place the weight in the middle 
cxf a beam, fuch as king-polls are in roofs; and there* 
fore it is more advantageous to ufe prick-pofts inftead 
of king-pofts; this is likewifc what carpenters do in 
moft buildings where there is no partition wall to fup- 
port the beam in the middle. 

Fig. 4. It may likewlfe be obferved, that a fcant- 
ling A C of the fame ftrength with the former, will 
bear two weights W, W, each of 48 pounds, when 
their diftances A E, F C from the ends are 5 inches : 

• this 
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this appears plain from the foregoing example, be- 
caufe thefe weights will caufe the Icancling to break 
in two places* 

Mr. Tartnt is the firft we know, that has (hewn how 
tb cut the ftrongeft fcantling pofilble, out of a given 
tree : As this may be ufeful in pra£tice„ becaufe timber 
merchants are fenfible that the fquare is the greateft 
figure diat can be Infcribed in a given circle, and for 
which reafon they chufe to make all their timbers fquare, 
as being mod advantageous to them \ we (hall infert 
^the following 

PROBLEM III. 

^het A F B E, be the circumference of a tree out of 
wbicb it is propfofed to cut tbejirongeji reHangw- 
kr fcantling that is pofjible. Fig. 8. ' 

Draw the diameter D G, at right angles to the paral- 
lel fides A £, B F, interfe£ting A £ in P ; then be- 
caufe the ftrength of the fcantling is exprefled by AE 
XAExAF, ashas been proved in the firft probl em ; 

but by the property of the circle, we have Ap^* = 
DPxPG, and AF=2CPi therefore the ftrength 
of the fcantling will likewife be exprefied by 8 D P X 
P G X C P i now becaufe this expreflion is the greateft 
of all poflible, when the fquare of C P is one third of 
the fquare of C D, Jjy article 550 of our Elements of 
mathematics \ or which is the fame, when the fquare 
of the bale A F is one half of the fquare of the altitude 
A E : For becaufe the fum of the fquares of C P and 
P A, is equal to the fquare of the radius C D, by nhe 
property of the circle : and therefore if the fquare of 
C P i% one third ; the iquare of P A will be the two 
thirds of that fquare, and confequently, the fquare of 
AP muft be double the iquare of C P s or the fquare 
of A £ double the fqyare of A F* 

CON. 
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CONSTRUCTIO^N. 

Fig. 7. Divide the diameter/ A .B of the tree intd 
three equal parts at C and D ; apd from the points C 
and D of divifion, draw DE perpendicular above, 
and C F, below the diameter ; then if the points of 
Intcifeftions E, F, of thefe lines and the circumfe- 
rence, are joined to the extremities A, B of the diame- 
ter ;, the reftangle A E B F, will be the greatcft that 
tan be infcribed in that circle. 

For becaufe A D is two thirds, and D B one third 
of the diameter A B by conftruftion, the fquarc of 
D £, will be two ninths, and the fquare of A D four 
4iinths of the fquare of the diameter; therefore the 
Iquare of A D is double the fquare of D E •, and by the 
iifQJlariry of the triangles A D E, A£B; the fquarc 
of A E is dpuble the fquare of £ B. ' . « 

It has been obferved a great while, that when the 
bafe of a fcantling is to its height as 5 to 7 v that it 
v»8 ^nearly the^ ftrongeft of all the fcantlings whofe 
fedtions are equal, and are infcribed in a circle ; aad 
^X3cauie the fquare of 5 is 25, and that.of 7 is )|r9 ; th^ 
fermer being nearly Mf the latter, ^c^edin^ by ^n unit 
finly ; if his obfervadon perfectly s^gre^s with what has 
beep (prpved in the laft problem. 

PROBLEM IV. 

^ M fcantling be fupported at the ends hy two 
Bhcks P, Q^> not placed in the fame horizontal 
line^ and the weight fufpended in the middle^ to 
find thejirength if this fcantlings Fig. 9. 

* 

From the point C in the vertical line, pefiing 
through the edge of the higheft block Q^, draw C £ 
parallel to the horizon, meeting the dtre&ion of the 
weight in L, and the vertical line drawn through the 

cdg# 
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edge of the lower hlock P m £ ; then becaafe it has 
been proved in the Brft problem, that the weight W 
Biultiplied by the diftance of its diredion from one^ of 
ik^ points fix, exprefifes die momentum or force of that 
wei^ : that is W x C L eiqme&s die momontucn : 
but the force of the wood has likewiie been pro?tred to 
be as the product of the fedion multiplied by the di- 
iance of its center oif gcmty from the point B. There- 
fore if we call C £, n, and the reft as i)efoiie; we &all 
We inw^=:ds^ by what has been proved befovc^ 

confcquendy w = — . 

^ 2ds 

Hence, becaafe we have w rs * — , when the fcant- 

c 

ling lies horizontally, and c exprefles its length : the 

ftrengths of the fcantKng in thefe different pofitsons, 

are to each other reciprocally as the diftances of the di- 

ledions of the weight from one of the points fix ; 

that is the flrength of the fcantling in this oblique po- 

fioon b to its ftrength in a horizontal pofition, as C B 

i& to C L 4 or as the radius is to the cofine of the in« 

clination LCB. 

For example, if the fcantling A C bears a weight of 
f 6 pounds, when placed horizontally ; to find what 
weight it will bear when it makes an angle of 15 de<> 
grees ; then becoufe the cofine 9659 of that angle is to 
the radius iooGO,*as the weight 36 is to a fourth term, 
which gives 37.2 pounds nearly. 

But if the angle of inclination is 60 degrees ; .then 
becaufe the cofine of this angle is to the radius as 5 is to 
ID ; the fcantling will fupport a weight 72 double the 
fiu^mer. Whence it is plain, that as the angle of incli* 
aation increafcs, fo the ftrength of the fcantling in^ 
creafes likewife : and when that angle becomes a right 
one, or the fcantling becomes upright, its ftrenglh ft 
not to be expreffed. But becaufe the fibres of wood 
arc not always ftrait, and give way when prefled very 

hard. 
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hard, it is very pofllble to prefs an upright fcantling 

fb as CO give way and break. 

' . This problem is ufeful in finding the refpefUve 

ftrengths of fcantiings which are joined together, with 

different angles of inclinations ; fuch as in the roofing 

of any building, * and thereby fave unneceiiary ex- 

pences. 

Fig. ic. It is not fufEcient that the ftrength of 
fcantiings may be found, there are likewife fome pofi- 
tfons that are more advantageous than others^ which 
ought likewife to be known. For inftance, let ABC be 
the pitch of a roof» and a ftrut £ F, is to be placed lb 
as to fupport the rafter A B in the beft manner : I fay 
that when E F, is the bafe of an ifofceles triangle AEF; 
or, which is the fame, when it makes equal angles with 
the tie-beam A C, and the rafter A B, it is in its mofl: 
advantageous pofition ; for the ftrength of this piece is 
proportional to the diftance of its direftion from the 
point fix A ; but the perpendicular drawn from the 
point A to the bafe £ F is the greateft of all when the 
triangle is ifofceles : Confequently, this is the beft po- 
fition that the piece can have. 

But if the ftrength of the tie-beam AC, is to be 
confidered, and there is no party wall to fupport it in 
the middle, the cafe is otherwife; for in that cafe the 
piece muft be upright as G H ; becaufe the nearer the 
point G af^roaches the point fix C, the lefs ftrength 
is required to fupport the piece G H. Hence it is 
maniteft^ that a fcantling may be moft advantagedufly 
placed in refpeft to its own ftrength, but not in regard 
to other fcantiings to which it is joined : And confe- 
quently, in the framing of timbers for a building, not 
only regard muft be had to the ftrength of the icantlingt 
themfclvcs but likewife to thofc to which they arc 
framed. 
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PROBLEM V. 

ftojind tbejlrengtb of the principal rafters A B^ 
BC^ fo as to be proportional to that of the tie^^ 
beam AC. Fig. 10. 

% 

\ • 

Let the bafe of the rafters be x^ and their height 
%'x^ that is double the bafe as they commonly are 
inade : Let the bafe of the tie-beam A C be ^, its 
altitude a^ and half its length AD> ;i| then the 

ftfcngth of the rafter will be expreffed by — by the 

aab 
laft problem ; and that of the tie-beam by by the 

4X' aab ^^ 

firft problem \ therefore — = by fuppofition, 

n 2 » 

or Zx^-szaah} ¥^hence the cube root will be 2 a; = 

VoTb. 

Hence becaufe the length AB of the rafters does 
not enter into the equation ; it is evident, that what- 
ever the pitch is, the cube root of the bafe of the tie- 
beam multiplied by the fquare of its height, will al- 
ways give the height of the rafter. For example, a 
fir tie-beam of 12 feet long, is made 6 inches by 8, 
according to the tables given before s then becaufe 
tf = 8, ^ =: 6 ; we get ^ ^ 3 r=: 384, whofe cube root 
is 7*2 inches nearly ; for the height of the rafters, and 
hence we get 3f.6 inches for the bafe. 

If the beam AC be 24 feet long ; then the bafe is 
7 and height 10.4, according to the foregoing tables : 
whence ^ = 7» ^ s: 10.4 % and hence aabzsL 757.12, 
whofe cube root gives 9. i inches nearly, for the height, 
and 4.5 for the bafe of the rafters. 

In the true pitch of a roof the principal rafters are 

the three fourths of the tic- beam, which being here 

ftJppofed to be 24 feet long -, and therefore the length 

2 of 
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of the principal rafters, will be 1 8 ^ and according to 
the fifth table, tb^r bafe is 4 and height 5.5 ; which di- 
menfions are therefore in no proportion to that of the 
c^t bfcanni. But then it mud be confidered, that the 
rafters ^e always fappor ted by ftruts or uprights, 
which bearing a part of the roof, ftrengthens them 
and weakens the tie-beam. 

Thefe are nearly all the different problems we could 
think of, that may be ufeful in framing of timber 
woirkt', which the reader ought to be well acquainted 
withj if he defigrw to make any progrefi in the art of 
buiMihg, for whae is found in mod authors on archt- 
tefturc, relates cbieOy to pra&icc> which ^ne is not 
fuffictent to make any improvements; and it is no 
wonder, that for fo rnany ages as architefture has been, 
cuitivited, there has been fo little progrefs made,^ 
fince very few had any knowledge of thofe parts of 
the mathematics, which ate neceflary to be known, 
and therefore I advife the reader t^ imke ttoifelf mafter 
of, before he enters upon the prafticc. 

The theory of timber given here is of very great ufc 
both in civil. and military architecture, iince we are- 
taught thereby not only how to find the proper ftrength 
of fcanclings iii refpe^ to their length, when placed 
in an horizontal pofition, but likewjfe when framed 
together, according to any angle of inclination, whic-)i 
practice alone could never have determitied) to any dcK 
gree of exadnefs : the entering into al) the ^i^erqat, 
applications that may happen in practice, would require 
more room than can be allowed in fo finall atra^as. 
th^s; for which rea(bn, we (hall sg^ve , as much of it 
hereafter, as will be fufficient to young engincers,^ lor 
whom this work has been publilhed* 
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Gontaining die Knot^rkdge, of the Matc^ 
rials, their l*ropeities. Qualities, and 
Maimer of uGog theoif. 



• > 



BEFORE, -wc; cAter into ,tbe manner of build- 
jng the fevewd works of a fortrefs^ it is nepeifla- 
ry to be particularly acquainted with the fqverat 
materials of which they are compofed^ in order to difr 
tingguiih their good and bad qualities, how to prepare 
and ufe them, in the befl: manner, that the works may 
be durable and lading *, which ought in all fuch great 
undertakings be the principal view of an engineer, .who 
is anfwerable for i;$ fuccefs or mifcarriage ^ this, he is 
by no means able to perform without having a thorough 
knowledge of all the materials of which jt is compofed : 
But as thefe materials differ in their qualities in diffe- 
rent parts of the country, where they are to be ufcd j we 
iiiall explain firft their general properties, and after* 
wards in what they differ in different places. 

S.E C T. I. . 

X)f th& Qu ality£/*Sto n^^fuch as ar^ 

ufedin Buildings. 
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STONES may be diftinguifhcd into two forts, 
that is into hard and foft; the hard ftone, is that 
which is expofed to the open air, fuch as rocks, and 
thofe which lie loofe upon the furfacc of the earth, 4nd 

4 in 



96 PRACTICAL PartH. 

in feparate blocks: the foft ftone is that which is found 
in quarHes and under ground ^ it is undoubtedly true 
that th^ hardefl: ftones make the moft - lafting works ; 
« but as- ^here is feldom a fufEcient quantity of them, to. 
build ttte whole fortification, the beft ferve in the fa- 
cings of the works, in the. foundations, and wherever, 
the works are bathed with water : for as the foundations 
fupport a great weight, they muft be made ftrong accor- 
dingly, or elfe the works will foon be deftroyed : there- 
fore the outflde of rocks or the upper flones of quarries, 
being the hardeft, are ufed for that purpofe. 

Altho the ftones of fome quarries are very (oft and 
eafily worked when they are frefh taken out, yet 
when expofed for fome time in the open air be- 
come very hard and durable : therefore an engineer, who 
is employed in any particular place, may at all times 
know by the inhabitants, which of the quarries, if feve- 
ral, produces the beft (tones ; he may likewife find by 
the buildings of fome (landing, the quality of them ; 
• ^ this will enable him to referve the bed for fuch works 
as require moft (trength, and the fofter fort may be ufed 
in the infide of the walls : but wherfc there is but one 
quarry, he muft examine whether fome part is not bet- 
ter than others ; in (hort, a judicious choice of the mate- 
rials, properly adapted, may render a building more 
lafting, than ufing them promifcuoufly, as carclefs l>uil- 
ders trequently do. 

V /^«^ H ®^^ ^^ *^ happens that, there is no quarry which has 

1^ been opened long enough, fo as to judge of the good- 

/A.^*^ «.i^ nefs of the flones, or where he is obliged to open, new 

^ ^!U^ «y ones, he ought to expofe the (tones for a twelve montb» ^ 

i..ff,^nM '^^ *^ '^^^» ^^ ^^ weather, both to heat and cold, before he 

^n^Jk>^ U in^ploys them ; then if they do not fplinter after a fro(l> 

V / r^ 1 o^ ^o not moulder into dirt, when rubbed, he may be 

lP^ aflfured that the (lone is good : and on the contrary, if 
^ ^ r^*****^^y ^P^*^^^*' or moulder, it is a certain proof of their 
i /.^^^ ^^ quality. » 

tA^ ^ ^ Mr. Boyk pretends, as he has been informed by 
/L*/ ^ >Ww^ /u^ -i. A ^i-^ ^ iyf0*/-ir r^^ ^^J_^ workmco 
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workmen, chat there is a rap4n ftones as well as in 
timber^ by which the fame fort of ftone and taken out 
of the fame quarry, if dug atonefealbn, will moulder 
away in a very few winters } whereas if they are dug 
at another feafon) it will refift - the weather for a great 
many years^ not to fay ages : but as he does not mea* 
tion what feafon is bed, nor gives any reafon for what he 
advances ; no rule can be gathered from what he fays : 
we may fay thus much, that they (hould always be dug 
io the fpringi fo as they may liave time to dry before 
the cold weather comes in : for the heat of the fun will 
extradt the greatcft part of the moifture which othcrwife 
expends in frofty weather, caufes the ftone to fplincer, as 
it hzs^ been obferved to do y altho* the ftone is other wife 
hard and good. 

• The fanje author fays likewife, that feme fort of 
ftones will decay in a few years ; and others will not at* 
tain their full hardnef^ in thirty or forty years, nay even 
in a much longer time *, and befi4es that there are quar-^ 
ries in fome places of folid andufefiil ftones, that, though 
being dug at a certain feafon of the year, prove good 
and iafting, yet when employed in a wrong time, moul- 
der away, and pert(h in a few years. That there appears 
aieminal fpirit, if I may call it fo, in ftone, is very pro* 
bable; but what tSe€t it has upon the ftone when fe- 
parated from its ftock is very uncertain, and therefore 
cannot be known but by a ftrid inquiry of a long courfe 
ofpraflice. 

The manner of drawing the ftones out of quarries, 
requires particular notice to be taken : for almoft ali 
ftones lie in horizontal beds or ftratas ; that is, they 
cleave in that direction *, and they have likewife a break- 
ing one, which is perpendicular to the former, both 
which directions muft be obferved. The method of 
drawing ftones out of quarries is thus : having uncoped 
it; that is, having removed the earth from the ftone, it 
mutt be obferved where it will cleave, and there 
drive in a good many wedges gradually together, till 

H it 
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ft is loofenfd irom the rock, which being done, you 
reic proceed to break it, which isperformed in th^ rtiM^ 
ner ; you nnark the breadth of the ftonc with a ruler, and 
then cut a fmall chanel in which a number of Wedges 
are dr6ve, (torn four to fix inches diftant from each 
ether, flowly and all together, left the ftone fhould 
break acrofs and not according to the mark i but ic 
may be obferved, that this method is not always to be 
iifed, l)ecaufe all the parts of a ftone are not sdways of an 
equal 'hardnefs, but in fome places it may be hard aiid in 
others foft, which is perceived in the cutting the cbanei^ 
and thofe wedges which are in the fofter parts, are drove 
deeper than the other, in fuch a' manner that all the 
wedges may prefs alike: this has been found by experi- 
ence to be the beft way of breaking ftones. 

Having thus broke them in length, which the ftone* 
cutters can do, as they pretend, to any fize within Mk 
than half an inch, which is fufficient for any roi%h 
ftone; then you proceed to 'break them in breadth in 
the fame manner as before in length. When thcfe pre- 
cautions are taken, the firft expence is greater than if 
they were broke any how ; but then there is little 
ivafttf in the*ftones, the workmanfhip will be lefs, and 
faves expences in the carriage. 

But when the ftone is very hard they will not cleave 
fo eafily ; for the workmen are then obliged to cut a 
pretty deep chanel, ^nd fo wide as to lay two iron 
bars in it, and to leave room befides for the wedges to 
be drove in between them, by whi(5h means the ftones 
may be broken, which could not be done otherwife. 

The workmen make at other times ufe of gunpowi^ 
dcr to blow them up ; which is performed in this man- 
ner : they make a fmall hole with a chiHe, of an inch or 
a little more in diameter, ibmetimes vertically, and at 
others horizontally, as it moft convenient, and as deep 
as they wknt to blow up ftones \ this hole being cleaned 
clear of*lill duft and rubbilb, tiiey put in fome powder, 
then the reft of the cavity is filled with the fame ftonc 

beat 
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jb^ iiitP doft, aod raqicned in ^ i^9p^7 i9S they- can | 
M d9M9g tl^ac Aey pl^ce a wins ia the middie, to preferye 
M WP9^ V> fet fyrt €q fj^c pow^, a^d the t^iaunqr is hoi* 
low in the middle to receive this wire ; this being done, 
«l^ tiic powder fired^ br^dc^ olpTas much ftone as they 
pkafe ; Md this pieces are iyqkei) intp fuch blocks as Zfc 
yrmt^d* This w^y of bceaking them is much cheaper 
tban any o^her, but wa^e^ a great deal more ftone, for 
whichreiilbnit is;neveriife4 but w.here it is fo plen- 
ty 9s that the fmall pieces are no lofs, and which may 
Jerye.as rubble <to HI] up the infides of walls* 

There are feyeral kiqds of ftone ; a$ marble, fire 
llc^c, .purbeck ftone, ray ftone, alabafter, free ftone 
and .common ftone : of each we ihall fay fbmething in 
their order. 

Marble iiS of v^rio^^ cplourf, as tviute, bkck, grey, 
green, fome varied with (pots and vei^s like the roots 
of tctee ; their nature and ,ufe are .two well known to 
require <iny explanation ; t;he marble found in England 
is moftly black) and foycry;hard.fOd difficult to polilh, 
:thac :VQry little ufe is nf>ade ^f it, than to bura and 
mffkc iimc ; which k fijequemly done about Plimoutb^ 
where fcarcely any oth^r li;ne is ^fed, as I am in- 
formed. 

The fire ftone comes Trop Reygate, and fcrres chief* 
Jy iov chimneys, hearths, oven^, and ftoyes, being a 
dry porou3 gritty florje, whicil beats the heat withpuc 
breakings and it is, I fuppofe, qn ficcount pf this cju^^ty 
that it ha^ the name gix^ of ^reftone. 

Puitbeck ftone is a hard £reyi(h ftope^ |t{u) fervel 
chiefly for paving) coping of wails, and fpr ^all fuoh 
Hies where ftrtngtbis requir«d^ as beiiigrtbi^ifppft har^ 
and durable ftone, after the P/mMf/ir marble^ v;eknQvr 
of ; it is found upon the coaft of Suffei near the fe^ 
fide. 

Rag ftone is that which is comttipnly ufed in paving» 
and is of a blueifli kind : but.tiierc is a ftone called Kent'^ 
ijb rags that arc very iiTcful \n buildiiig i they fplit ve- 
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ry cafily and yet are very hard ; a great quantity of this 
ftone has been ufcd in Weftminjier bridge ; they are 
brought dowff the river Meiwitf from fomc place near 

Maidjione. 

Alabafter is a clear whitifli ftone not unlike marble j 
it is very plenty in fomc parts of Baly^ but there is 
none to be ft^iind in England •, excepting in fom.e parts 
of Scotland^ where it is faid to be very plenty, and 
much ufcd for making lime, which is exceeding good. 

Free ftone is that which comes from Portland^ an 
ifland near Dorfetjhire^ and is commbnly called PortlSnd 
ftone: this ftone is chiefly ufed in and about LwJ^», 
in all great or fmall buildings ; it is a* fine whitilh ftone, 
without any veins, but very dear; for it cofts about 
ninepcnce a cubic foot upon the fpot, and 1 6 cubic 
feet weigh a ton : thi§ ftone is very foft when it comes 
out of the quarry, works very eafily and becomes very 
hard in time ; the piers and arches at /To^wnVj/f^ bridge 
are built with it. There is likewife a quarry of free 
ftone at Balb^ of which moft houfcs are built there : 
it has a fine whitilh colour, but I am informed that is 
not durable, and therefore is not fo fit for gitat heavy 
buildings as the Portland ftone. 

When the ftones are drawn out of quarries and 

only roughly fquared, they are called alhler, but when 

they arc fquared and finifhed, receive other names from 

; the fituation they are placed. It may be obferved that 

* when ftones are laid^in. the fame pofition as they arc 
found in quarries, that is flat or horizontally, they will 

* make better work than if they are laid any other ways : 
^hd they will cement ftronger together ; this the work- 

*, men will not always obfcrve, unlefs care be taken tofnakc 
, them do fo. 
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SECT II. 
(?/ BRICKS, 

« 

BRrI C K S are made here of various kinds and co^ 
lours ; and have various names, as clinkers, fa- 
me! or fandal, ftatute bricks^ didoron, tetradorpn, 
Defitadoron, compafs, concave, featheredge, triangu- 
lar, cogging, place and &Dck bricks. 

The compafs bricks are of a circular form, their ufe 
is for fteening of walls ; the concave or hollow bricks 
are Iikecon)mon bricks on one fide, but on the other 
they have a cavity, femi-cilindrical, about three quar- 
ters of an inch deep, and half an inch broad,, fo that 
if two of thefe bricks are placed with their hollow to- 
gether, they are like a pipe of an inch and a hialf bore ; 
they are ufually a foot long, 4 i inches broad, and 2 \ 
thick, they are generally laid in clay, tod fervc in- 
ftead of leaden or wooden pipes to conduA water, as 
being much cheaper than any other ifiaterials. 

Cogging bricks, are moftly ufed in Sujfex^ to make 
their work toothing or indented work under the copc- 
ing of walls built of great bricks : they are about: ten 
inches long, 4 broad, and 2 ^ thick. Copeing bricks 
are about 12 inches fquare, and 4 thick, flat under- 
neath, and one third above is Jemi- circular, and the 
two ends flat. 

Clinkers are nothing elfe than thofe common bricks 
that lie in the middle of the kiln or clamps, where 
they are fo much burnr, that they are ^s if. it were 
glazed all over ; thefe bricks are always dearer than 
the refl: of the fame make, and are chiefly ufed in 
foundations, and facing the walls, efpecially where 
any water copies pear the wall, as being the mofl: du- 
rablp. 

H3 : Didor 
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]0idoron were a fort of bricks ufed by the antients 
cf a foot and a half long, and a foot broad, but nearly 
as thin as common til^s« Grcfat bricks are 1 2 inches . 
long, 6 broad, and three thick; they are generally 
ufed in fence walls, mtAc with pilafters or buttrefles^ 
and in copeing. «This manner of building walls faves 
great expences, and they will (land as long as if they 
were every Where of the fame thicknefs. 

Paving bricks are made of various fizes and forms, 
from 6, Si 10, and 12 inches fquare, and an inch and 
a quarter more or lefs thick ; thofe in the form of an 
hexagon look beft *, they ought to be of good' earth 
and thoroughly well burnt, otherwife they will mouldr 
er away in a (hort time. 

Pkce bricks differ not in form, but in the manoef 
of making them, being of the common dimenfions, 
viz. 9 inches long, 4 4- broad^ and 2 4 thick, as the 
fiatute bricks ; they weigh nearly five pounds each^ 
though fome will weigh 5 i ;. this depends on the qua- 
lity of th6 ^arth they are made of, and on their being 
well burnt : A cubic yard contains about 460 bricks 
nearly^ which at five pounds, makes two tons and 
300 ^ei^htptfr cubic yard. / 

Therfe are two ways of burning bricks, in kilns and 
in damps ; a kiln is a large hole in -the form of a re- 
♦crfed fruftum of a cone, that is with the leflcr bafc 
below, built with brick, and a fufficient quantity of 
^rth about it, to keep the heat in as long as is poflible i 
the bricks are not laid clofe together, but leaving 
fmatl diftances between them, that the heat may pals 
between *, aqd the fire is made underneath, where 
*n opening is left for that {5ur}3ofe : This way of burn- 
ing bricks is clteemcd the beft, becaufe the fi- 
gure of the kiln, and the wall about it, are fuch that 
all the bricks within arc nearly burnt of the fame hard- 
nefi \ but where there is a great quantity required, it 
takes up much time to burn them, for which reafon 
itifsy ufe <;{amps in this ca^ i whici^ is nothing elfe 

than 
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than a gceat fquare or oblong pile of bricks laid fo $n 
to leave i fmall interval between them, for tKe beat to 
pais to the external parts ; about this pile earth and 
bricks, which are not TuHiciei^tly burnt, are laid to 
keep the heat iq. About l.ondon^ where they havq 
plenty of cinders, they throw fome between eagii row, 
which helps to burn them much fooner, and with lefa 
£re than is otherwife required. 

An /ingenious brick maker told me, that he cou)d 
burn bricks as well in clamps as in kilns, provided he 
did it with wood \ but the beft way of burning 
bricks for a fortrefs, is to ufe both kilns and clamps at 
the fame time, in order to have a fufficient ilock of 
well burnt bricks for the facings and foundations of 
of the walls and other buildings. 

A bricklayer with his labourer will lay fooo 
bricks, with eafe in a day, when the wall is but a brick 
Mid a half or two bricks thick, and therefore he may 
lay more in thick walls; and fmce a cubic yard con* 
Cains 460 bricks, he will lay above two cubic yards in 
a day, and from hence it may be computed how many 
bricklayers are required to finiih a certain piece of 
work in any given time. 

An ingenious man, ufed much in brickwork, pro- 
pofed a larger kind of bricks for walls to be built in 
water, or in a fortification *, their fizewere to be 1 8 
jnibhes long, 9 broad, and 4.5 thick, and he affirmed 
tp have made fuch bricks in Scotland. 9ut a London 
brigk maker objeded againfl: them; that they could 
not be managed before they are burnt, as being too 
heavy, and it would be a difficult matter to burn them 
quite through : whether this obje6);ion is well grounded 
or not, I (hall leave to thofe who are well vcrfed in 
this bqfineCs. , 

It is certain, that if fuch bricks could be made, they 
would .be vc<y ufeful in great works, both upon dry 
ground and in water,' for in the latter cafe, they 
would not require fo much terrafs to lay them in as 

H 4 the 
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the finall one, which being very dear, would ' fave 
great expences. The Creaks and Romans ufcd bricks 
of 3 feet long and a foot broad, in their public build* 
ings, but then they were very thin, ths^t is, about an 
inch and a half thiclt, ^ may be feen in fome old 
buildings, fuch as the old caftle at Canterbury ; but ae 
prefent brickmakers difapprove all other fizes but thofc 
they are ufed to, not caring to go out of their own 
road, 

: An engineer told me, that he joined feveral bricks 
. together with (Irong mortar to compofe as it were 
largp ftpnes, with which he formed the angles of the 
fortrefs !. this muft certainly make the walls (trongep 
than by laying the bricks fingly one after another ui 
the ufual way. 

It is my opinion, that bricks might be made of the 
fize of four common ones joined together, that is i8 
inches long, 9 broad, and 2 ^ thick : For as they are 
no thicker than the ufual ones, they would require 
very little more burning, and feveral of thefe being 
cemented together, riiight ferve inftead of ftone to 
ftrengthen the wall in thofe places where it is moftly 
wanted ; I propofe this only in fuch places where no 
(tope is to be had, becaufe it is very certain that 
wherever that can be had, it is much better than 
bfick$, , 

It has been obje6Ved, that bricks will not lad in fait 
water ; but by confulting Mr. Bratte^ the mailer brick- 
layer of the ordnance, a man of great practice, he > 
told me, that if the bricks were well burnt, futh as 
fclinkers^ and made of the fame clay without ai>y nibi- 
ture, they would laft as long in fait water as any ftone 
whatfoever; as a proof of which he had built the 
wharfs at Woolwich and Ckatbam. and befides, in fome 
jDther places they were ufed, and without the Icaft apr 
pearancp of anv decay, though a good many years 

*S9r ■■ ; ' ' 
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A friend of mine told me, jdiat he had feen piers of 
m harbour at Arks, in the ibuthem parts of France^ 
entirely built of bricks, and of fudi an age, that the (eg 
has quite left the harbour which is now upon dry land. 

There h a kind of bricks called grey ftock, which 
inake a very beautiful appearance in buildings, and 
are chiefly ufed in and about London^ in all. front 
walls, which are expofed to view: The Duke of 
J^orf oik's hpufe in St. Jameses fqyare is built of a par- 
ticular fort, f he moft beautiful that ever were feen, but 
they are very dear ; thefe bricks are made in the coun* 
cry, and of a compofition which I could not learn, it 
being a kind of myftery known but by a few workmen. . 
Mr. Bratttj our mafter bricklayer, Ihewed me fome 
bricks of a pale whitifli colour, the fineft fort I ever 
faw \ they appeared to me, as if they were made of red 
clay mixed with chalk, are very hard and found like a 
hard ftone \ the infides of the pieces are very fiiiooth» 
without any cavities : if thcfe bricks were better 
known, I think they would be preferred to any other 
fort that I have yet feen. 

The beft way of making bricks, is to dig the earth 
before winter, and to let it be expofed to the wea- 
ther during the winter, which mellows the earth very 
much, and faves a great deal of labour in preparing it, 
and the bricks fhould be made in y^i7, Af^, June^ or 
July \ for after that feafon the weather grows damp, and 
(hen they will not burn io well ; and it is pretended by 
able bricklayers, that bricks fhculd be two years old be-* 
fore they are laid, in order to make good work, and 
po brickwork fhould be made after the month of 
,Augufi\ becaufe the mortar has not time to harden be- 
fore the d^mp weather comes in ; by which it peals off, 
and the works require new pointing the very next fum- 
pier, as I have been myfelf an eye*witnefs to fuch works. 
As bricks are nothing elfe than artificial ftones to 
fupply the want of real ones, there is no doubt but 
fh^if durableliefs depends on the goodnefs of the mate- 
* . rials. 
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mis, WeH mixf, prapMed, and well burnt ; and there- 
Ibre^ an engineer that propofits ta make g;ood vork, 
nioA be very eyeful in hk ch^ict ; but the fae|k wiy 
te prevent aiiy mpofition, is to haw# »h# »---*- -*- 
near the place where the fertr 
workmen, where the engine 
may obfervv the ^drkmen, 
work in a pvoper manner; 
have them much cheaper thar 
as is the euftem. 



SEC: 

Of LI 

LIME is made of* all 
calcine ; that which is 
i& tne bcft> and the worft ot 
the way of knowing whethei 
take a fmall piece, the fize < 
m a common fire, and after 
cool, and then fling fome w? 
and diiTolves, it i$ a fign that 
way of knowing it upon tht 
calcine, is to c^rry a unall vi 
by letting fell a few drops or. 
' dUTolve a part of it, if the l 
lies upon the (tone like oil, . 
.xnav be certain that it will n 
I have > tried a great mar 
^a fortis^ and then in the 
experiment to anfwer : I was 
as comes from Portland^ v 
found the contrary by both 

tend that flint and ^ kind of . ^wunc maKe 

the ftrongeft limes but all tne trials I could make 

4 yrould 
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would not calcine them i for which reafen^ I am of 
OfiaAon^ tlm they make no lime» and thofe who pre* 
tend they do^ hare it only from hearfay, with^t any 
other proof. 

It is my opinion, that all ftones that bare any ine« 
tallic particles in them, and thofe that will vitrify, will 
never calcine, at leaft, I always found it fo ; but leS^ 
I fliould be miftaken, I leave it to the chemifls, and 
thoie that have an opportunity cf making more experi* 
ments than I, to decide it. 

Diflferent counties in England produce difitrent 
kinds of lime- ftones*, in Kfni^ where there are a great 
many chalk-pits, they make their lime' of chalk, and 
the greateft part of the lime ufed in and about London 
comes from thence, chiefly becaufe of the. conveniency 
to bring it by water, which makes it much cheaper 
than any other that is brought by land : But this lort 
is the very worft that can be made ; it is true, it may 
ferve very well for whitewafliing, and other things in 
the infide of a building \ but as moft buildings are upon 
leafes, people are not fo nice about the ftrength and 
goodneis of the work; provided it lafts as long aa 
they want it, it is fufiicient. 

I have been informed that about eight miles from 
Port/mouthy is a chalky rock, pretty hard, that makes 
very good lime, and has been much ufed in the building 
the fortification of that place : although the Pjvr^r^/fcftone 
which is not a great way of, and the fragments ofPartland 
ftpnc^ make exceeding good lime : I fuppofe the for- 
iner lime is ufed not becaufe it is better, but cheaper 
than the other, which is a very bad reaibn, fince aU 
public works, which are of great importance, oujght to 
be ipade as ftrong and durable as is poffible ; for what 
is feved by cheapnefs of the materials, is loft by tlie 
ihprt ftanding of tne works. 

The beft lime in any part of England, is diat 
which is made of the marble, found near about Pfymouth^ 
and is very much ufcd in ail xhp country thereabout ; 
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the Rmans and ItaUans made ufe of ho other lime 
than that of marble, in all their great and publick 
buildings, it being the voy bed: that can be made, 
and of confequence, makes the buildings more lading 
than any other. 

Moft builders in this country do not ftand fo much 
upon a good reputation, as to make moft money of 
their works ; and few gentlemen enter into the knowr 
ledge of building; fo that the works are generally bad- 
ly executed ; provided the outfide of walls appears well, . 
it is no matter how the reft is : What fpoils the me- 
thod of making ftrong and good walls is, that moft 
houfes in and about Lond$n are built upon leaies, io 
that if they but ftand the number of- years propofed, 
the proprietors are fatisfied, and give themfelves no 
further trouble; this caufes the wcH'kmert to make 
their work in a flight and expeditious manner. 

I am informed, that in moft parts of Scotland there are 
exceeding good lime ftones, and in great quantity, 
in fuch a manner as to ufe the fame ftone for lime as 
they build with; in fbme parts they have alabafter,. 
which makes as good lime as marble. In Ireland^ ef^ 
pecially about Dublin^ lime ftones are Ukewife fo 
plenty as to build with, which makes the beft work ; 
becaufe the mortar unites better with the ftone, than 
if the parts were diffimilar. 

An engineer employed in any part of the country, 
ought to examine all the different ftones to be had 
thereabouts, in order to find that which makes the beft 
lime, and he .ought not to chufe any becaufe it is the 
cheapeft, which can fcarcely be excufed in private 
buildings, but fuch as will make the beft work ; and 
fince lime is the very foul of good mafonry, it cannot 
be too £ood ; but if itfhould fo happen that all the 
lime in the country is very bad, he fhoiild get as 
:much from other parts that is good, as to ferve for 
.the facings of the wall, for fourteen or fifteen inches 
(deep ; the r^ft may be done -with the cheapeft fort. . 

Lime 
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Lime is burnt in kilos much like thofe of bricksr; 
and the ftones muft be broke into pieces the bigne& of 
a fift, and nlore efpeciaily fb when the ftone is very 
hard ; but when they are foft, fuch as chalk, it re- 
quires not fo much precaution : Care muft be taken to 
burn it every where alike, and thoroughly ; othcrwife* 
thofe parts which are not well burnt, will not listen 
wkh the reft, and when the mortar is employed, will 
diliblve, and difunite the wall wherever there is any 
of them. 

There is likewife lime made of alF forts of fhells of 
fea fifh, which is efteemed to be exceeding good, be- 
caufe it dries and hardens in a fhort time, for which 
reaibn it is mbct with Dutch terrafs, and ufed in all 
aquatic works, and as it is much cheaper than terrafs, 
it iaves great expences. 

It muft be ohfervod, that thofe ftones taken out of 
quarries which are damp, make better lime than thofe 
found above ground and are dry i it has likewife been 
found, that the dry eft part of a rock, and which is ex- 
pofed to the fun, will make a different lime from 
that ' made of the inner part, whiph is damp and 
not expofed to the fun : Therefore an able engineer 
ftiould not only try the outward parts of a rock, or a 
quarry, but likewife thofe parts which are not expofed 
to the fun and weather -, otherwife he may poffibly re- 
ject the b^ part as ufelefs; 

S E C T. IV. . 

0/SAND, TERR ASS tfWPOZOLAN. 

ALTHOUGH there appears very little difference 
in fand, yet there is fomc^ which being mixt 
with lime makes much better mortar than others : In 
common buildings, they always ufe that which is 
neareft at hand) and m London they beat the rubbifli 

of 
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•f dcoioIiAed hwiMiogs and life it as fand ; buc in 
works of 0Qii£K)aeiice, &xdk as chofe ^of a fonrek^ 'fiich 
a praAice oug^ ta bt rqt&cd ^ the beft mB»nds 
Aauld be mkd in order co make durable woiki foY 
wkidb treafon ^'eater precautions muft be taken; and 
^k is for the fi£e 4rf'didc woiks we iiiiend die foUov-^ 
ing ^hfenrations. 

The beft fimd iat good moccar is that mbclk ^nia 
as mt SOD fmail^ wfaick is dear and &ee &oai eaooby 
particles ; for the fniall grained iand has been found 
fiot £) good, as being too fine to fonn a foUd body 
when snixt with lioie. 

The iHUUuier of knowing whether fand is &ee from 
earthy particles, is to take ibnse and rub it in your 
. hands, jmd ^ it makes them dirty, it is a fure fign 
that it is not pure, but if it be gmty and leaxres no 
dirt behnd dt is very good. If it 'flioukl happen ;that 
no good fand is to be found near the place w4eve it is 
wanted, the beft way will be to waih as much as is re* 
quired to make ftrong mortar, for facing, and poincing 
arches, and other foch iike works ) that is, you put a 
good quantity into a tub» and fill it with water, then 
ftir it well with a ftick, and let the water run off} 
pour clean water in again, 'ftir it and Jet ic >run out ; 
this being continued till the water is pretty dear, 
ypuriand will'be^clean. • 

Sand found in rivers is efteemed the beft, becat^ 
it is of a pretty coarfe grain, and moftly free from 
mud ; othera will have it that fand out of the fea or 
fait water is likewife very good > but as for my part, 
I would not chufe to ufe it, where good work is to be 
nladc, becaufe falt^ .if J am. not miftaken, is .a. bad on- 
gredient for mortar ; this will be explained hereafter. 

It has been found .by experience, that*Iand fhould 
be ufcd frefh, and before it^ has been too much expofed 
to the air; for it .is laid, .|hat . dry fand nev^r makes 
good mortar *, although mixt with a fu/Hcient quantity 
of good Umc» and therefore when a large qtnntity, is 

brought 
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farou^t to the plicewhef« k is ^fSMUd^ k fliouki be 
covered fo as the ftin may aot Ihiae upQii k. 

Inftetd of fand iMxt with lime ce oHdie morurr, fe- 
veral echer things are ijifed, fiich as ^Aders, tiles, 
JcaKngs of iron out of focges ; but thefe ii^edienss 
muft be well beat, fe as to make a fine powder of them. 
I made feveral experiments with thefe materials, and 
found whea they were well naixt wkh iksit made eic- 
ceUent mortar ; fome of which being put tin the joints 
of walls in the month of Dtcmber^ the weather being 
Yery damp, and ethers kept in a wsft^m room, made 
up in fmall balls, that which was expofed to the air 
dried as ibon, and grew as hard, as the Other : Neichir 
could I perceive any difference between the mortars mad^ 
of thefe different ingredients, for they grew all equal W 
hard nearly at the fame time, although ibme pretenq, 
that the fcalings of iron makes the ftrongeft morter* 

1 have been told by a gentleman, that he has feen 
mortar compofed of fcalings of ixon^ and common 
lime, to be uled in cifterns, and that it grew fo hasd 
that the water could never penetrate it; but it muft be 
obferved, that mortar of this kind is worked with very 
little water^ in fuch a manner as to become like a 
ftrong clajF. 

There are feveral other Idnds of powder ufed ia 
mortar inftead of fand, efpecially for cifterns and aqua* 
tic works; there is a fort which is called pozolana, 
from the name of the place it comes from, which iii 
*in the kingdom of Napks ; this powder is of a rcddiih 
colour, and when oiixt with lime grows prefently hard 
and remains fo although in water. 

Another fort made of a ibft rock fione, found near 
€oIlen upon the lower part of the Rkine ; it is burnt 
like lime, and afterwards reduced to powder by means 
of mills ; from thence it is brought to Holland in 
great quantities, where it has acquired the name of 
Dutch terrafs •,; it is of a greyilh colour when it is not 
mixt, which is very feldom the cafe ; becagfe it is very 
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dear, and al^olucely neceflkry in all aquatic works, and 
(b they make as much of it as they can. 
^ We have forgot to mention before, that lime fliould 
be burnt with coals and nerer with wood ; the reaibn 
given for it is, that the coals being ftrongly inpreg- 
nated with fulphureoas particles, which mixing with the 
lime makes it more glutinous ; and it has been found 
that the mixture of the cinders and the fmall particles 
of lime, found ih the lime kiln, being reduced to a 
powder and ufed inftead of fand, compofes a mortar as 
ftrong for aquatic works as Dufcb terrafs. The reaibn 
of this appears to be owing to the particles of lime 
being mixt with the cinders and unflakened, when they 
are mixt with lime they flaken and dry up the watery 
parts of the lime, and' leave no more moifture in it 
than what is fufficient to lay hold on the bricks or 
fiones, and compofe as it were one folid body. 

I have been informed, that in fbme parts of England^ 
which is DorfeilhirCy if I am not miftaken, is found 
a (oft ftone, much like that of Dutch terrafs, and that 
it might ferve full as well in aquatic works ; if this be 
true, I am furprized that it is tiot better known, (ince it 
would enable us to make thefe kind of works of our 
own materials, and much cheaper, than to buy them 
from the Dutcbi who often mix it with other things, 
to get the more by it. As for my part, I do not 
doubt, that if there was a proper enquiry made by 
fuch as have it in their power, but tiiey might not 
only find fuch fort of lime ftone as that of which the 
^ terrafs is made of, but likdwife the fort which makes 
pi after of Paris. 

N. B. There is at prefent fuch terrafs made here, 
and fold for eighteen pence a bufliet, whereas the 
Dutch cofts two (hillings, and is not better*. 
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S fe C T. V. 

flaw to prepare and make MORTAR. 

THE manner of making mortar is quite difFerent 
in different countries, and even in the fame coun- 
try by different builders ; the common way in and about 
London^ is, to lay the lime ftones upon a heap, and cover 
it. with as much fand as is thought requifite for making 
the mortar ; then they fling fome water on it, fo as the 
iiipe may flaken gradually and mix it at the fame xirne^ 
which they continue till the lime is flakcned; when this 
is done, they pafs it through a fcreen the next day, in 
order to feparate it from the fmall ftones, which have 
not been fufEciently burnt to flaken fo foon } after this 
they mix it and beat it well \ and ufe it immediately 
without any further ceremony. 

But our engineers ufe greater precautions ; for they 
mix and beat it every 24 hours for a week together, 
and then let it lie for a week more, and when they ufe it, 
beat and mix it again : by this means it will make good 
mortar although the lime is but indifferent, provided,, 
there is not too much fand put into it. 

The proportion mofl commonly ufed in the mixing 
of lime and fand is, to a buihel of lime a bufhel and a 
half of fand ; that is two of lime and three of fand ; this. 
however is no general rule, for fome lime is fatter or 
more glutinous than others, and therefore will bear a 
greater quantity of fand. The common mortar in ahd 
about London has more fand in it than according to the 
proportion above: for provided there is juft lime enough 
to keep the fand together, the workman arc fatisfied : 
and they make large joints, becaufe this kind of mortar 
being cheaper than bricks, they get fo much more by 
their work, than if they made thejoints fmaller; but if 
they are obliged to make good mortar, they make^mallcr 
joints, becaufe the mortar cofts them more than bricks. 

1 The 
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The ir^riS^ make their 'mortar in A auite differenc 
manner ; for they dig a iquare hole in the ground, a 
foot or J 8 inches deep, and large in proportion to the 
quantity of lime they intend to (laken i they floor the 
bottom with boards i then they throw in lime firft 6 or 
S inches deep» and pour in as much water as will jufl: 
cover the lime ; which they ftir till the lime ftones are 
diflblved ; when this is done they make their mortar in 
a few days after : this is the common pradice, but in 
works of confequence, they cover it with one third of 
fand and let it lie for a twelve moAth. It is pretended 
that the ancients flakened their lime many years before 
they ufed it ; and there are fome who fay that freih 
mortar is better than old: but in my opinion the 
nature of the lime (hould beconfulted; for when lime 
is very ftrong, by letting it lie too long it will grow hard 
and unfit for ufe, as it happened at Metz^ as Mr. BeH^ 
dcr fays, where they kt it lie a twelve month, in which 
time it became as hard as (bone: but when lime is bad^ 
I take it, the longer it lies the better it becomes. 
< Two things are to be obferved, in order to make 
good mortar, which are, that no unflackened particles 
of lime remain, and not putting t6o much water in it 
when it is prepared : therefore if lime is kept till every 
part is flackened it will be fufficient. It mud likewife 
be obferved, that burnt lime fhould not be kept too 
long before it is flakened, becaufe it evaporates and 
the air makes it lofe its property ; but when lime is 
once flakened and well covered with fand, as likewife 
under flielter from the fun and rain, it will keep as long 
as you pi.eafe, provided it does not grow too hard. 

The water that is ufed in the flaking of lime, rc- 
guircs likewife to be confidcrcd ; for if it be dirty and 
full of Houd, fuch as is gathered in the ft:rects, as they 
60 tit London^ it will fpoil the mortar; it is imagined 
that all kind of clear frefh water is good ; but I believe 
the fofter the water i?;, the better: fome pretend, that fait 
tfatcr oiTt of the fca may be ufed ; but for my part I' 

. ' - think 
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think it mull din^ioiih the goodnefs of the mortar very 
much: for it is well known chat fait gives way and be* 
comes fluid in damp weather^ and therefore in winter,^ 
the vnorlar which is impregnated with fait n>tift necef- 
faril/ become foft, whereby it lofes the property of 
bidding bodies together in bad weacber» when it flK)uld 
have moil. 

' Mortar th^t is to be ufed diredly^ which ought never 
to be done but tacafes of great necefllty, ihould be flak* 
ned by covering it with fand on a platform, and the 
water thrown over it little by little, fo as todiflblve it 
gradually, and then paffing it through the fcreen to 
free it from the fmall Itones not diifolved ) this being 
done, it ihould be well beat and worked once a day for a 
week, and lee it lie for another, and when it is ufed, to 
work is well ag^n *, and no water fliould be ufed but 
the firil time: but when mortar can be made betimes, 
it may be made in the manner mentioned above and let 
it lie for about iix montlis, which will be fufiicient to 
diilblve all the parts of the lime that is burnt, and tb4 
reil which are not burnt will not aiFe£): the work; al« 
though thofe that are/ound may be thrown away. 

The mortar made for ceilings is different from thtf 
we have been fpeaking of*, it is made of ox or cows 
iiair well mixt and tempered with lime and water, wich« 
out any fand : the common method of making this 
mortar is, one buihel of h^ to fix buihels of lime ; tha 
hairs ferve to keep the lime or mortar from crackingy. 
and to bind and hold it fait together. 

Mortar made of terras, pozolana, tile duft, or cin*^ 
ders, is mixt and prepared in the fame manner as com« 
mon mortar *, only thefe ingredients are mixt with lime 
inflead of fand in a due proportion, which is about half 
and half: as this mortar is defigned for aquatic build* 
ings, the reader may eafily imagine that the lime 
ufed in ic ought to be the very bell that can be 
had : for which reafon, iime made of ihells or of mar- 
ble is what ihould be had if polIiblc# but in fuch workt 

I 2 whic\ 
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which are fometimes dry and at others wet, itiftead of 
tefrafs, which is very dear, tile dull or ciAder duft may 
be u fed, and is efteemed to be the bed mortar for fuck 
wt>rk ; for it has biiren found that terrafs mortar is no( 
fo good where the work is expofed to the air. 

In fortifications, docks, or piers of harbours; I 
would lay all the parts of the works under water with 
terrafs mortar, and the reft of the facings, both within 
and without, with cinder or tile duft mortar, for aboat 
two feet deep ; for if this was done, the ijiralls would 
net require to be pointed ^nd repaired as they common* 
ly do : cellars, and all kinds of arches or vaults, under 
and above ground fhould likewife.be done with thi» 
morrar : and the cinders out of lime kilns mixr with 
the particles of lime ftone, is, in my opinion, ftiil prefe- 
rable, for the reafons given in fe££ion III. As to cifterns, 
they require terrafs mortar as well as all the works which 
are conftantly under water. 

' The ftrcngth or goodnefs of mortar does not only de- 
pend on that of the materials of which it is made, but! 
likewifc on the manner of preparing it : for the work- 
men put generally much water in it to make it liquid,' 
in order to fave labour in mixing it; if this be done, the 
mortar will never be good for any thing : but if little 
or no water is ufcd after it is flakened, and well beat,* 
and mixt till it becomes foft, and this be repeated feve- 
^1 times till it becomes glutinous, you may depend 
upon it, that the mortar is good. 

A very able perfon, who has been employed a great* 
while in ^the works of fortification, told me, that he 
wets his mortar very fparingly, but beats it well every 
day for a week, and then lets it lie for a week or a fort- 
night before he ufes it, and has it well beat over again : 
this method is undoubtedly very good5 and ouf^ht to be 
ofed in all the works of fortifications, fince they are a 
gi;eat charge to the natron, and therefore whoever has 
the direftion of them ought in a manner to be anfwer* 



sible for tlKrir goodnefs. 
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A contrary pradlicc is followed by fome others, who 
have the direction of works; for I have feen, after 
works have been ^^one, the mortar crumble off like 
fand, and when examined, found the lime in lumps, 
and not half mixt with the fand ; what can beexpeded 
from fuch work, I leave the reader to judge. Others 
pique themfelves upon making the work look regubri 
and will have every courfe of bricks to be three inches 
high : and as the bricks are but two inches and a quar- 
ter thick, the joints muft be three quarters, from 
whence the goodnefs of the work may be judged : in- 
ftead of making the joints fo large, I would oblige the 
bricklayers to make thepnoAly a quarter of an inch thick, 
jrhich is fufficient. 

Another obfervation is to be made, which is, that in 
all walls that have ^ flopis, the courfes of brick ought to 
be perpendicular to the flope, and not on the fame level, 
as is cuftomary ; and this for two reafons ; firfl, all Hones 
being cut fquare caufe lead: wafte, and is eafier to th.e 
workmen » and when bricks are ufed, the joints are 
equally thick throughout, whereas, when the courfes 
are on the fame level they raife the bricks on the out- 
iide, fo as to make the flope, which makes them wider 
there than within ; and when the mortar is not very 
good, the walls require pointing very often : another 
inconvenience arifes, that the outfide of the courfe be^^ 
ing perpendicular to the flope a brick length, and die rcfl 
lie horizontally, by which they make an angle or bend- 
ing, fo that the bricks of the fame courfe can never bind 
together, and the outfide of the wall is no more than 
a ftiell the depth of a brick, feparated from the reft of 
the work. 
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S E C T. VI. 
0/ PLASTER. 

PLANTER is different from common lime, in 
that it compofes a folid body by itfelf, without 
mixing either fand or any other ingredientt as 15 done 
in lime. 

It is made of a bluifh foft ftone, taken out of quar*^ 
lies, which generally are at the fide of a hill> much 
like the ftone of which Duub terrafs is made r This 
rfone is burnt in the fame manner as lime, and when 
cold, beat into a very fine powder, or duft ; and when 
It is to be ufed, about a bufhd is put into a tub and 
Water poured in, till it becomes liquid ; then it is well 
ftirred with a ftick, and ufed immediately ; for in left 
than a quarter of an hour it becomes hard, and good 
for noth ng ; another of its properties, is, that it will 
not bear n.ixing a fecond time, as lime will do. 

Although plafter is to be found in moft countries, 
yet nobody I know, has given a method to diftinguifh 
it from lime (lone : I am apt to think, that it may 
poflibly be the fame fort of ftone as that found near 
ColUny'- of which the Dutch terrafs is made ; for if 
it is not the fame fort, it comes very near to it ; for it 
dries very quick, and makes a very hard body : it is 
faid not to remain hard in water, but I never heard^ 
that it was tried with mixing it with lime ; for which 
reafon, 1 will not affirm it to be the fame as terrafs. ^ 

That which is found in a hill near Paris^ is efteem- 
cd the fineft, and brought to England chiefly to make 
bufto's, and to take off medals, as well as all kind of 
ftatuary works ; but there it is ufed in flooring, and 
to line the infide of fl:onc walls inftead of common 
morrar. But the plaftt^r found in this country, being 
of a coarfcr fort, is chiefly^ ufed to make floors for 
' . . * . gentle* 



Sta.6. FORTIFICATION. 119 

gentlemens houfes, and for granaries to keep corn in. 

The only way to know the ftone, is to burn it in 
a fire, and reduce it to a fine powder ; then if it grows 
hard immediately after it ibas been mixt with water, 
you are certain th^ it is plafter ; although the ftonp 
is of a blue greyifli colour at firft, yet it becomes very 
white by burning, and when mixed with water, it 
does not ferment or grow hot like lime. 

Having thus given the quality and manner of pre^^ 
paring the chief materials ufed in works of a fortifica- 
tion, in the preceding feftions, as . far as we poffible 
could from our own obfervations, and what we could 
gather from other authors; to which, if the young 
engineer will join his own oblervations with thofe of 
his fuperiors, under whom he is employed, efpecially 
to thofe of able workmen, I do not queftion, but he 
will be -able, not only to judge whether works 2tt 
well executed, either in the whole or in parts, but 
likewife know how to proceed whenever he (hall be 
employed as the chief director over fuch works, for 
which reafon, we fliall proceed to what remains to h^ 
faid ef this fubjeft. 
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PART III. 

1 

f 

Containing the manner of tracing a For- 
trefs on the Ground, to make an Efti-: 
mate, and to execute the Works. 



SECT I. 

Shewing the Usefulness ^WNecessi t y 
. 2/^ i5wA//;srf FORTRESSES. 

THE neceffity of building fortrcfTcs in all 
ftat^s '^hatfoever, appears from this innate 
principle of felf prcfcrvation ; for a power- 
ful nation has always powerful enemies •, fo that by the 
lofs of a battle, the whole country is in danger, it the 
remainder of the routed army has no place of fafcty to 
retire into, where they .may rally and receive fuccours, 
either from their allies, or new-raifed troops from that 
part of the country, which the enemy is not yet matter 
of. 

It hgs often liippened, that after an army has been 
defeated, it has received fuchfuccours in a place of fafc- 
ty, as not only to be enabled to fuccouf their own coun- 
try, but likewife drive the viftorious army out of the 
field with lols : There are many fuch examples to be 
found, both in antient and modern'hiftories: Whereas^ 
if an enemy gets once the viftory in a country that has 
no fortrcflcs, he is at that inftant matter of the whole 
ftate. 

An example of this kind has happened here in 
EngUnd \ for had there been fome good fortified pla- 
ces, when IVilliam the conqucrer entered the country^ 

it 
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\t would not have been loft by g^ing of one battle ; 
^d had the town of Genoa been fortified in the laft 
war, the Afftrians could not have taken it at once, and 
been mafters of the whole ftate, as they did.; in fhort, 
were it not fdr the n^uiy fortified 'phLCcs" in Flanders^ 
the Aujirian dominions in that country would have, 
been long ^o loft. 

In fmall ftates and republics, they are no l^fs necef- 
fary than in great kingdoms, in order to refift a power- 
ful enemy, till fuch time that their allies can come 
to theif ^iftance : To this it qiay be objected, that 
fortified places; in a free ftate, may be ^means to en- 
(lave it by fome ambitious and powerful man, aflifted 
by a neighbouring prince ; but as no fuch examples 
are recorded in hifto^y, as far as I know, and the con- 
trary is evident, by the ftates of Hollandy who have 
many iortiQed places, and yet have preferved their li- 
berty, fince their firft feparation from the Spaniards, 
it is evident, that this obje6tion has no foundation. 

Maritime powers, and thofe who inhabit iftands, 
fuch as England, Sardinia^ Sicily, &r. require no lefs 
fo/tified places ; for as an enemy may invaide them by 
a furprize, and though his naval force be lefs, yet 
when he once gets a footing, may^ either conquer or 
deftroy the country. Befides, their trade, on which 
iflanders chiefly depend, would become very precari- 
pus, without having fome ftrong place or other to fe- 
fure their eflfedb in, which otherwife might be fur- 
prized and carried of, before an army can arrive to de- 
fend them. Many other arguments might be alledged 
to prove the ufcfulncfs of fortified places, were it not 
that all the world is convinced of it at prefent, and 
therefore it would be ncedlcfs to fay any more about 
it. 
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S E C T. II. 
Of their SITUATIONS. 

TH E fituation of a fortrefs depends chiefly on thd 
reafons for which they ^re built \ for if they arc 
t6 promote or proteft trade, they muft be placed ncaf 
the lea, lake^, navigable rivers, or chanels ; if they 
are defigned to ^uard a pafs or inlet into a country, 
tliey ^re* placed on hills or high ground, that from 
thence they may enfilade i^nd defend that pifs, and f6 
as not to M commanded by any other adjacent hifl \ of 
near the paflage of a large river ; and if they arc to fe- 
cure a country from an invafion, they muft be fitu- 
ated in fuch a manner, * that the enemy ttiuft attack 
them before he can advance any farther ; and in cafe 
he (hould pafs by and leave them behind, they may 
eut off his communication with his own country^ 
whereby his convoys may become precarious 9nd dim* 
cult ; and therefore muft either not advance faifher of 
die befiege them. 

In iflands, the belt fituations are upon the doafts', and 
in fuch places, where art enemy may eafily land, and 
where the garrifon has a fafe communication With fome 
inland town, to receive fuccours and fubfiftance in caft 
of an attack ; or if there are any great rivers, that run 
into the fea, and where Ihips may come up into the 
country, there fhould always be one or more for* 
treffes built near them, in fuch places, as may prevent 
the Ihips from pafling by, without fuffering greatly 
from the cannon placed there, and where the approach 
is very dangerous. 

In an ifland of no Very great extent, whofe coaft is 
of an eafy accefs, in moft parts, and where it is im-^ 
poffiblc to fortify every one •, the bell fituation for a 
torcrefs is die middle of the ifland upon a rifing ground ^ 

bccaufc 
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becauie troops may beft be fent froth thence t5 tey 
party to oppofe the landing of an enemy ; but this finv 
trefs ihould be pretty large, that in. time of need, th* 
inbabitanta of the country may retire into it with theiv 
tattle, and other ttioft valuable efl^£b, and help to de*> 
fend the place, till the enemy is obliged to retire,, 
cither for want of prcxvifion, or having no hppes tx> gu 
mailers of the place. 

But if the ifland is confiderable, it is not fufficient 
to build fortreOes near the moft convenient landing 
places, but there ihould lilcewife fowc be built in the 
pafles, to prevent an en^ my from entring farther into 
the country, in cafe he fhould land, notwithftanding 
the forts on the coaft ^ or at leaft to ftop and protraft 
time, fo as the country may rife ai)d come to oppofe 
him. 

In fmall ftates, that lie in an open country, which 
cannot afibrd the expences of building many fortreffes, 
and are nQt able to provide them when built with 
fufficient garrifons and other neceflaries for their de* 
fence, or thofe whole chief dependance confifts in the 
prote&ion of their allies ; the beft way is to fortify 
their capital, which being made fpacious, may ierve as 
a retreat to the inhabitants in time of danger, with 
their wealth and cattle, till the fuccours of their allies 
arrive. 

If a fortrefs is built near a river, lake, or (ea, it 
muft be confidered whether it fhould ftand quite dofe 
to the water fide, or at fome diftance, fo as the works 
may not be battered by the fhips ; whether an enemy 
may eafily land therdabouts, and attack it by land •, 
whether the fliips may come,clofc, or the water is 
(hallow, when the water is fo deep that (hips can come 
up clofe to the walls, the parapets muft be made high, 
and thofe that can be feen from the main cop, fhould 
be covered above with canvafs, planks, or with any 
thing clfe in time of a fiege, to cover the troops behind 
them. 

When 
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'-'When a foft lies fonear the water, that it may bt 
battered from the fhips, it is in danger of being foonde- 
ftroy cd by the fupcriority . of their fire ; on the con- 
trary, when the water is fo (hallow, that the fhips can- 
not come near enough to batter in breach ; care muft 
be tsken that the enemy may not land in their boats; 
and ftorm it by land; to obftruft which, redoubts or 
batteries muft be built, to refift both in front and in 
flanks and if they qanland any where beyond the* reach 
pf cannon, thefe redoubts or batteries muft: be fortified 
all round With a wall and good ditch, that they may 
not be fiirprized in the rear ; as we did at Cape Briton; 
:irhere the large battery fronting the entrance of the 
harbour, was furprized, and the guns turned againft 
the town, by which it was obliged to furrender ; this 
would not have happened, if the precaution qientioned ■ 
above had been ufed. 

. In a place where there is a harbour, fome parts os 
other of the fortrefs fhould command it if poffible ^ 
for though redoubts and batteries are made to defend 
Its' entrance, yet if the enemy finds means to defboy 
fome, and pafles by others, the harbour lies open for 
thefhips to come in, without any farther obflacle : and 
as thefe defences are at fome difbnce from the fortrcls, 
they arc always taken either by flratagcm or. main 
force; as being feparate from the garrifon, and are 
not eafily relieved. But if part of the fortrefs com- 
mands the harbour, the fhips are never fecure in it 
till the' place is taken, which is all that -can be ex- 
pcfted. 

It is true, that the entrance fhould not be negledled ; 
for wherever there is a point of land that commands 
the approach of an enemy, it fhould be carefully fc- 
cured by fome work or other ; and as it often happens 
that fmall rocky iflands lie in the entrance, which, 
when properly fortified, are very advantageous in the 
clefence of it : Nothing conduces fo much to the fafe- 
ty of a place, fituatcd near the fea, or navigable rive:r. 
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as thofe works which, keep the enemies fleet ac a 
difiance ; fince thereby their m^n, ftrength is pf no 
ufe to them ; and though they (hould make a defcent 
in fome part or other with a few fmall pieces, yet 
thefe may be eafily repuifed by the garrifon. As thefe 
kind of fituations are the mod: ufeful to a trading na- 
tion, we have fo much the longer dweU upon the 
method of fecuring them in the beft manner poffible. 

When an old fortrefs is to be rebuilt, the engineer 
ought not rely too much on the capacity of him who 
had made it firft i he fhould confider whether there is 
no other ficuation thereabouts, that might be better 
than the former; whether the old works were properly 
adapted to the nature of the ground ; how much ex- 
pence will, be faved by building upon the old foun- 
dations ; whether it is too -big or too little ; whether 
by following partly the old plan, and building the reft 
in a different manner, it would not be better than to 
follow it in all its parts -, or whether by chufing an- 
other fituation, it would not be too expenfive in refpeft 
to the advantage gained thereby \ in fhort, he fhould 
leifurely, and well confider every minute circumflance, 
in order to form a true idea of the fituation, the 
figure of the works, and the cohfequences refulting . 
therefrom, before he determines his choice. 

An engineer, who is truly confcious of the trufl 
repofed in him, ought to be extremely cautious in all 
his undertakings, and well confider, that he is, or 
ought to be, anfwerable for all extraordinary and ufelefs 
cxpences, which he caufes to the nation, either for 
want of fkil), or inapplicacion ; and if a nation was 
rightly fenfible of the truft they put upon them, I am 
pcrfuaded, that they would be very careful, and well 
examine thofe who are defirous to enter into fuch em- 
ployments, before they admit them. 

An engineer requires much greater fkill in arts and 
fcicnces, than is generally imagined ; for it is not fuf- 
ficient to know how to draw plans,^ profils, .and land- ^ 

(kips, * 
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flcips ; to underftand a few propofitions in geometry^ 
or to know how co build a wall or a houfe i on the 
contrary, he ought to be well grounded in tdl the moft 
ufeful branches of the mathematies^ and how to appty 
them to prafike, natorai philofQphy« and arcUtedhire i 
Tiave a good notion of all kind of handicraft works i 
and above ail things, to be well vtrftd in mechanics. 

As the variety of nature is infinite, (b it is impoiBr 
ble to defcribe all the different fituadons, where for- 
crefles fhould be built ; it requires the greateft fkill and 
knowledge to fix upon fuch as may anfwer beft all the 
different expedUtions } 'and as tjie building and rnain^ 
tailing them is attended with very great expcnces^ 
when they do not anfwef the intent for which they are 
built, they are heavy burthens to a nation; without 
any confiderable advantage : for which reafon an engi* 
neer ought ferioufly to confider what he is to dp before 
he begins fuch an undertaking : It is my humble opi-* 
nion, that the choice of the fituation, and the making 
a fcheme of a fortrefs fhould not be iotrufted to any 
iingle perfon; on the contrary, the expence offending 
five or fix upon the fpot, and in concert making a 
proper choice of the place and works, would be more 
than iaved in the execution. 

« • 

SECT. in. 

Observations relating to //&^ Situations 

©/"PLACES. 

IN the former fe<JHon we have treated of fituations 
in general, ic remains now to obfcrve the particu- 
rs which are ncceffarily to be known, before the 
fchcn)€ or projeft of a fortrefs is fixed upon. The firft 
thing to be confidered, is to know whether the air is 
wholcfome ; for it would not be for the intereft of a 
ftate, to build a place of that kind without the inha- 
bitants being in a way of increafing, in order that there 

may 
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may be no occafion of fcndiog often a fupply of people 1 
befides, a garifon in fuch a place, wouid continually 
weaken to fuch a degree, as would n^ake the caking it 
very eafy. 

. This may be known by the colour and ftrength of 
thole who live there, or near the place ; and if it is not 
inhabited, it may eafily be known by the fituation ; 
becaufe if it be furrounded by low and n)ar(hy ground, 
the place is certainly unwholefome ; on the contrary, 
if the place is a dry foil, and produces plenty of wood 
and grafs, and there are a gfeat number of birds, or 
wiki animals^ it is no lefs certain, that the fityat^on is 
wholefbme and fruitful. 

The next thing to be confidered, is to know whe- 
ther there is a plenty of frefh and wholefome water* 
fufficient for men and beads, for without that, no 
place ought to be fortified, unlefs it may be fupplied 
by ibme fpring not far^of, and which an enemy can^ 
not cut off in time of a fiege ; otherwife, it would be 
impoflTible to defend it for any time. It may be ob« 
ferved, that all fweet waters are not equally wholefome; 
for' it has been found by experience, that very clear 
and well-tafted water, has occafioned particular dif- 
tempers to thofe that drank it conllantly. Befides, aa 
fome waters will cure diftempers, why Ihould there be 
none of contrary qualities i The air of fome places is 
efteemed unwholefome, when it is rather the water 
that occafions the diftempers. It has been pretended, 
that the lighted waters are the belt to drink : but Mr. 
Co^es^ in his Hydroftatic ledurcs, has compared the 
weights of all the different waters that he could get, 
even fome of the river Ganges^ which is efteemed the 
beft in the world, but could not Hnd any fenfible dif« 
fcrencc in their fpecific gravity % if this be the cafe, its 
goodnefs cannot depend on its lightnefs, but rather, 
on ibme quality imbibed from the foil, through which 
it runs^ which cannot b^ diftinguiftied by the tafte : 
Others (ay, with fome juftice, that if water be boiled 
4 a good 
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a good while, and let ftand fof a tinie, till it is quite 
cold, and when no fettlement is fdund at the bottom 
of the veffel) it will be wholefome ; this may be bet- 
ter known, by ufing the fame veflel for fome time^ 
and then obferving whether any fediments are found ; 
for there may be . fo little at firft, as not to be perceiv- 
ed, yet in length of time may gather fo much as to 
make it appear quite plain. 

I have been told by a gentleman of veracity, that 
very clear and welUtafted water, fpringing out of a 
rock in Ireland^ petrifies every thing on which it falls, 
in a very Ihort time : Therefore water of that quality 
can never be wholefome, either for man or cattle. 

Water feems to receive its chief quality from the 
nature of the foil, through which it runs, as we have 
obferved before ; as for inftance, when it comes out of 
a rock, or of a gravelly foil, it is clear and cold ; that 
which comes out of chalk, is fof t and milky •, and that 
of a marihy foil, brackiih ; this latter fort is the worft 
of all. 

If the inhabitants, or thofe who live near the place^ 
are fubjefb to any particular dlftempers, more than 
thofe in others, either the water or the air is unwhole- 
fonie ; it may eafily be known, whether the air is good 
or bad -, for if there is any ftagnated marfhy water 
adjacent to the place, the heat of the fun draws up tho 
corrupted particles, which fall in the cool of the night, 
and infeft the air ; but if there be no fuch places near 
about, the air will be good: It is faid, that in bad sur, 
the livers of birds and animals are full of fpots ; but 
whether this is fo or nor, I cannot fay. 

Next to the water, fuel to make fire is to be confi- 
dered ; it muft therefore be enquired, whether there is 
wood, coals, or turf to be had near at hand, or may 
be brought to the place at an eafy rate, either by land or 
water: this article is very neceflkry, efpecially in north- 
ern climates ; befidcs its ufe in preparing vidtuals, wood 
ferves for moft forts of handicraft works; in Ihort, 

every 
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every thing that is neceflary for the fubfiftcnceaQd 
conveniency of a garrifon muft be confidcred, before 
the conftrudion of a fortrefs is undertaken, becaufe the 
expcnces which attend fuch works, are always very 
great J and confequeritly, every individual circum* 
fiance ought to be examined and carefully coniidered 
beforehand i 

In the next place, it muft be obferved^ whether 
there are materials to be found for th^ building of the 
place, either upon the fpot« or near at hand, to as to 
be tranfported at an eafy rate ; fuch as timber, ftone» 
or brick, lime and fand, or whether they may be partly 
had on the fpotj and partly brought by water ; for if 
the greateft part is to be tranfported by land from fome 
diftance, the expence will be fo excefllve, as the ut- 
moft importance of the place only can excufe the build- 
ing it. 

If it be a place near the fea, or a navigable river, 
where a harbour is to be made, it muft be carefully 
confidered, on which fide the fortrefs is to be placed, 
both in refpe<5i: to the landing of the goods, and to the 
defence of the harbour, as likewife, where the fhips 
may come as clofe to the quay as poffible* 

In a fortrefs built to promote and proteft trade, it 
muft likewife be confidered, what kind of goods are to 
be found in or near the place^ what might be brought 
by fhips from foreign parts* and what might be ex- 
ported, in exchange for thofe manufadlured there, and 
where to be carried t6 market. 

It may happen, that in fome places^ fuch as iflands 
and fome other places, wherethere are very few things to 
be had for exportation, yet if the harbour is convenient 
for fhips to come in, when diftreflcd by weather, or 
the piaffe may ferve as a magazine to bring and dcpc^ 
fite European commodities, to be f>om thence tranf- 
ported by vcflcls, to fome other market j or elfe, 
freih water is to be found for (hips, when no other 

K place 
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place is near hand, as is Sf. Helena \ fuch fituations 
may be fortified, and become very ufeful. 

There are many fituations in inland countries, which 
we have not taken notice of here, and yet may 
be advantageous for building large fortified places, 
becaufe their ufefulnefs depends on too many circum- 
ftances to be enumerated ; therefore wc (hall obfervc 
in general, never to build a large fortification, ex- 
cepting near navigable rivers, which mgy fervc for 
tonveniency of trade, and to be a (trong barrier to a 
ftate ; or to ftop a pafs, through which an enemy 
.might enter into the country ; for whepe there is no 
river, he may pafs by and leave the place behind him ; 
hills that command any of the works, or hollow roads, 
through which an enexny may approach, fhould be 
avoided ; and in general, the ground fhould be level 
and free from trees, or any other thing, which may 
favour an approach under cover, for a mile all round. 

S E C T. IV* 
Haw to make the Plan of a FORTRESS. 

WH E N a ftate has refolved to build a fortrcfs, 
an engineer is to furvey the fpot of ground, 
upon which it is to be, very cxaftly, and to draw the 
plan of it very diftinftly, on a large fcale, which muft 
extend at lead as far as cannon fhot beyond any of 
the outworks, together with feveral feftions or profils, 
-fo as to exprefs the heights of the moft material inequa- 
lities of the ground ; if there be any river or fiianding 
"waters near it, their breadth and length muft not only 
•be taken and expnefled in the plan, but likewife all the 
foundings^ in order to know whether any fhips or 
fn'jall craft can come there. 

If there be any hills or high- grounds, or hollow 
roa^s near hand, they muft be carefully cxpreflTed, 

both 



§cft. 4. FORTIFICATION. 131 

both in the plan and fe<5Hons ; after which the engi- 
neer muft compofe a memorial, containing an exadl: 
and diftindt account of the nature and fituation of the 
ground ; if rocky, hilly, marfliy, or even ; if there is 
a river, whether it is navigable or not; or if there be 
a lake, whether it may be ufeful for navigation, or to 
fhengthen the works ; if there is a good foundation to 
build upon •, whether there are fprings or river water 
CO be had for the ufe of the garrifon ; and wood, coals, 
or turf, for fuel. 

* If the materials of which it is to be built, are to be 
had upon the fpot, or if at any diftance, how they are 
to be brought by land or watery the nature and quali- 
ty of the materials ; their prices, and that of the work- 
man(hip; and above all^ whether the works are to be 
built with ftone or bricks, where to be had, whether 
any quarries are near hand, or proper clay to make 
bricks, and fuel for burning them ; where to get the 
lime and fand, whether the materials are good, or buc 
indifferent •, in (hort, it muft contain every thing re- 
quired for the building of the place, and for its main- 
tenance. 

This memorial, together with the plan and profils 
of the (ituation, being laid before the council, which 
has the diredtion of iuch works ; who ought to fend 
three or more of the moft able engineers to the place, 
in order to examine every particular, and to obfcrve, 
whether the plan and memorial are both conformable 
to the fituation ; if not in all particulars, to correft 
them ; and when they are fufficiently acquainted with 
every thing, to make a plan of the fortrefs, in con- 
junction, conformable to their inftrudtions, and the 
confcqucnce of the place. 

For it is my humble opinion, that fuch an under- 
taking Ihould never be'trufted to the judgment of one 
fingic perfon, ever fo well qualified, as it is too often 
the cuftom ; and when they all agree in their opinions, 
a fair plan is to be made on a fcale of 30 fathoms to an 

K 2 inch 
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inch at leaft, with proper profils, in order to lay them 
before the council, with a new memorial, exprefling 
their reafons for making fuch works preferable to any 
other, with references to the plan, and why the for- 
trefs is made of that extent. 

But in cafe the engineers (hould not agree in all the 
particulars ; feparate plans mufl be made by each, and 
the reafons giv^ in writings in order to be decided by 
the council, which of them is to be made ufe of; all 
this (hould be done with the utmoft candour, and with- 
out any views of intereft, or preference in refpcft to 
capacity, or any thing elfe whatfocver, contrary to the 
true intereft of the nation. 

In making the plan of a fortrefs, particular regard 
muft be had to the three following confiderations: 

1 . The expence necejfaryfor the building of ;/. For as 
it is generally very great in fuch undertakings ; by in- 
creafing it without neceffity, or the importance of the 
place requiring it, inftead of being an advantage, ic 
becomes a burthen to the nation. 

2. The number of troops required to guard and defend 
i^t together with the quantity of artillery and ammunition 
for aftege. For if this expence (hould be equal to, or 
exceed the revenue or advantage arifing from it ; it is 
plain, that inftead of being an advantage it would be a 
difadvantage. 

3. The extent or capacity of the place ^ with refpeSl to 
ihefpace taken up by the works of fortification. For if it 
Ihould happen, as we are not without examples, that 
the town could not contain a fufficient number of 
troops to de/end it, befides the inhabitants, it is evi* 
dent, that it may be taken with lefs expence than an- 
other of fewer works, provided with the fame number 
ot troops ; as each work would be capable to make a 
proper defence ^ and confequently, a great expence 
would be thrown away gn fupcrfiuoua works to no 
luanner of purpofe. 

There 
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There are many other confiderations to be had ; as 
that the works fhould flank or defend each other ia 
the moft direct manner poflible ; that the communica- 
tion fronri the body to the outworks, may be eafy and 
fecure, as well as thofe from one work to another : that 
the works are properly adapted to the nature of the 
fituation ; if the ground is low, tenaillous, lunets, or 
fecond ditch and covert way, ought to be made ; if 
level, ravelins and covert way only ; if there ase any 
hollow roads leading tp it, fome works that flank it in 
a dire£t manner ; if there are any hills or riling grounds 
that command fome of the works, little forts or re« 
doubts fhould be made there, with a fecure communi- 
cation to the fortrefs; or elfe traverfes are to be made 
in the works themfelves, efpecially, if they are feen in 
the rear : If the place is large and of great confequence, 
horn or crown works are ufeful to fecure the gateways, 
or a fpot of ground which might be advantageous to an 
enemy : In fhort, engineers fhould be fparing in their 
works, to make no more than what are barely necefTary, 
and whereby vifible advantages are gained, both on 
account of faving expences in the building, and in the . 
maintenance of a garrifon to defend it, and in every 
l(hing elfe necefTary for its defence. 

When an old place is to be fortified, that has fome 
works ftanding, the director ought to endeavour to Bnd 
the reafons which engaged the builder to make thefe 
works i which being known, he muft confider whether 
they anfwer the intent, and if not, how to change, 
cither partly or the whole, fo as to anfwer better, to 
make ufe of part of the old works, if not the whole *, 
and never demolifh old works to build new ones, with- 
out al)iblute neceffity, in order to diminifh the expences. 
I have feen projeAs for demolifhing old works and to 
build new ones in their (lead, which were not fo good 
by much ; this will always happen, when an engineer 
IS entruited with works, that docs not underfland his 
bufinefs ; and t|)<^fc vpry people, are generally the moft 

K 3 ' ambi- 
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ambitious to fhcw their own performances, whether 
right or wrong. 

Situations which are partly fortified by nature, fuch 
as when there are any precipices, rocks, or which are 
partly furrounded with water, arc very convenient ; 
for the other part may be fortified at an eafy rate, be* 
fides the place requires but a fmall garrifon to defend 
it. When the fituation is rocky, care muft be takeq 
to make ufe of the rock for the facings of the works^ 
as much as will agree with the plan, Vrhich will fave 
cxpences \ blowing up the higheft parts to iifc the 
lower ones; but it muft' be taken notice, that each 
work is to be of the fame level, or nearly fo, every 
where, and that the inner ones rife gradually above 
thofe before theni. 

When the plan of a fortrefs is fixed upon, the pro- 
fils muft be determined, and it muft be confidercd, 
whether the works are to be wholly faced with walls 
or partly, how much the height of the body is to ex- 
ceed that of the outworks. Engineers vary very much 
>in their opinions, in refpeft to the heights of the, 
works ; Mr. Vauban made the body of the place 6 of 
8 feet higher than the ravelins, and thefe higher by 6 
feet than the glacis : Mr. Coehorn did the fame nearly, 
but made his capital ditch narrow and deep, whereas 
the former made it wide and (hallow ; the latter covers 
the wall of the body very much, fo that it cannot be 
battered for above three feet below the horizon, brings 
the works clofer to each other, and makes their de- 
fence fhorter •, the broad ditch, on the contrary, dif- 
covers the w^ll to the very foundation ; but when the 
ditch is dry, works may be raifed in it fo as to make a 
good defence; the palfage through it to the breach 
may be obftrufted and difputed for a long while. As 
for my part, I think a middling width is preferable to 
a large one; that is, I would never make the capital 
ditch above \6 fathoms at the failant angle of the baf- 
tion," when the exterior fide of the polygpn is i8o fa- 

4 thorns 
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thonris, and fo in proportion to (he length of the 
fides. 

The reafons given for nraking high ramparts, are, 
that they $:over the houfes and other buildings better 
than low ones, and that the enemy may be fired at 
frpm all the works in the fame front, without incom-. 
moding thole in the outworks. To this it is objeded, 
that when the works rife gradually one above the 
other, the enemy may ruin the defences all at once, 
from the firft 43atterie$ he makes, and then may ad- 
vance without having any thing elfe to fear than the 
fire of the fmall arms ; befides the rampart of the place 
becomes very high, and of confequence, increafes the 
expences confiderably. 

On the contrary, if the works were made nearly 
all of the fame height, the guns placed in the inner 
works cannot be difmounted till the outer works are 
taken, excepting by fhells ; but the chance of dif. 
mounting them is fo very little, that it may be looked 
iipon as inconfiderable. 

Another material advantage arifmg from this method 
is, that the height of the body of the place is much 
lefs than the former, and therefore the expence of 
building it confiderably. diminifhed : As to not being 
able to fire at the enemy from all the works at once, 
it is of no confequence ; becaufe the outward works 
will hold as many guns as are required to keep the 
enemy at a diftance, and as he approaches, thefe guns 
may be brought into feme others^ when it is not lafe 
to keep them longer there. 

For my part, 1 would make the heights of the 
works fo as to terminate in a right line drawn from the 
parapet of the body to the extremity of the glacis, be- 
caufe by this means great expences would be f»ived ; 
the enemy muft batter the works one after another, 
and therefore raife as many batteries as there are 
works i befides you may at any time fire en harhet 
K K 4 from 
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from any of the works you pleafe, or is found moft 
convenient. 

Mr. VauSan ufcd to raife his revetements as high a$ 
the parapets, excepting at New Brifac^ where they are 
not above 3 or 4 feet above the level of the fields : and 
to build very ftrong counterforts behind them 5 where- 
as Mn CoeborHy who was more faving, made them 
only even with the level at Bergen-op-zoom. 

This method is very good, becaufe it faves' great 
cxpences in the building, and when the place is befieg- 
ed, the enemy can batter but a very little part of the 
wall ; it requires more time to make a breach, and 
Icfs expences to be repaired -, whereas when the wall 
reaches quite up to the top, by battering it as low as 
can be, the upper pare tumbling down all at once, 
makes a breach in a ihort time ; and the expence of 
repairing them It very great. 

Some will have the walls to begin from the bottom of 
the ditch, without making very deep foundation$: 
It is certain, that the burying fo much mafonry under 
ground is of no other advantage than to fupport the 
walls above them: And when a foundation can be 
made firm with piles or other ways, it would fave 
great expences. This may be done in wet ditches, 
becaufe the wood being always under water will never 
perifh ; but it is not fo in, dry ones, unlefs the bottom 
is very good, the piling cannot be depended on j be- 
fides the foundations in the faces, where the breaches 
are made, fhould be as deep as can be, becaufe the 
enemies miners will otherwife carry galleries under the 
' wall and blow it up, in lefs time than the breach can 
be made by cannon: But in the gorges or counter- 
fcarps where no breach can be made, nor any danger 
apprehended for making mines, it would be extrava- 
gant to lay the foundations any deeper than is juft n«-. 
ceffary to fupport fhe walls above them. 

ft 
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S E C T. V. 

To make fieeflmateo/aF ORTRESS. 

T T T H E N the plan of a fortrefs is drawn with pro- 
YY per prpfils and elevations, and every thing cx- 
preUed on paper that can be done, or is necefiary ; all 
the angles and lines not given by the conftru<5lion, 
muft be found by trigonometry, according to the man- 
ner of the Ipecimen given in our Elements of mathe- 
matics^ page 209 : The quantity of mafonry muft be 
computed in the manner taught, in page 261, as well 
as the excavation and tranfportation of the earth, and 
the expences of making the ramparts, parapets and 
glacis : then if the prices of the leveral materials are 
known in the country where the fortrefs is to be built ; 
it will be eafy to make a proper eftimate of the ex* 
pences that a ftate will be at, in order to have the 
work executed. 

As it is impoffible to determine the prices of the 
materials, which change in every place, according as 
they are near or upon the fpot, and as the labour is 
dear or cheap-, we fhall content ourfelves here, to 
give only the quantity of work of all the material 
parts J which together with the experience an engineer 
muft have before he is employed in fo great an under- 
taking, and the knowledge of the form ufed in the 
country, to rcprefent it to the direftors of thcfe kind 
of works in a proper manner, will be fufficient for our 
reader to underftand what is neceflary upon fuch an oc- 
fraHon. 

To campsite the Quantity ^/'MASONRY, 

Pl^te VI. Fig. I . We ftiall fuppofe, that the for- 
trcfs is a regular pentagon, with ravelins, covertway 

and 
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and glacis; that the exterior fide AB is 180 fathoms, 
the faces AH, BE, to be 50 ; the perpendicular C D, 
30, according to Mr. f^aUbafCs firft method. Now 
becaufe we have found in our ElementSy page 211, the 
flanks to be 27.27 fathoms, and as there are 10 ; the 
fum of their lengths will be 272.7 fathoms, or becaufe, 
we fhall exprefs all the contents by cubic yards, which 
is the ufual method here in England^ and each fathom 
is two yards, the fum of the lengths of all the flanks 
will be 545.4 yards : We have likewife found in the 
fame page, that the length of the curtain FG, is 
76.39 fathoms ; and as there are five, the fum of 
their lengths will be 381.95 fathoms, or 763.9 yards : 
And fince the faces A H or BE, are 50 fathoms by 
conftruftion, the fum of 10 faces will be 500 fathoms, 
or 1000 yards. 

It may be obfervcd, that it is the fame thing to mul- 
tiply each length by the number of fquare yards con- 
tained in the profil, or to multiply the fum of all the 
lengths, by the fquare yards contained in the profil \ 
whence by adding the fums of the lengths of the faces 
lOOOf the flanks 545.49 and that of the curuins, 763.9, 
we (hall have 2309.3 yards, for the fum or total of sdl 
the lengths of the body of the place. 

Fig. %. Now if the height of the profil A B C D, 
be 30 feet, or 10 yards, from the foundation A D to 
the cordon B C j the refl: of the parapet is fuppofcd 
to be of earth only ; then if the wall is of ftone, ac- 
cording to our tables, the thicknefs B C above will be 
5 feet, and that A D near the foundation n. In order 
to find the area A B CD, we mufl: add the two parallel 
fides AD and BC, which gives r6 feet, and multi- 
ply half the fum 8 by the height A B, 30, which 
^40 fquare feet, and fince 9 fquare feet make a fquare 
yAuU if we divide 240 by 9, we fliall get 26 \ fquare 
yirds for the content of the prop*!; cxclufive of the 
Wttodation AD 111, and the counterforts^ therefore 

if 



|f we multiply tiie totallength 2309.3, found above by 
26^, we (hall get 6158 1.3 cubic yards for the content 
of mafonry contained in the body of tbeplace, exclu* 
five of the foundation and the counterfons. 

If we fuppofe the foundation A H to be 6 feet deep^ 
And 1 2 broad, as they are reftangular we need but mul- 
tiply the bafe 12 by the height 6, which gives 72 fquarc 
feet or 8 fquare yards for the area of the foundation : 
^d therefore this content multiplied by the total length 
2309.3, gives 18474.4 cubic yards for the foundation* 
In order to find the content of the counterforts, we 
muft conflder that their whole heighth H B is 36 feet ; 
(he length of the bafe H K, 8.6 feet according to our 
tables ; and if the diilances from the center of the one 
to that of the next be 1 6 feet, their breadth will be 4 
feet by what has been faid in the firft fedUon : whence 
multiplying 8.6 by 4, we get 34.4, feet for the area of 
the bafe or 3.8 ~ fquare yards •, and this multiplied by 
the number of yards, 12, contained in the height gives 
45.8 4. for the content of one of the counterforts : The 
•number of counterforts is found by dividing the total 
length of the works, by the diftance between the center 
of one counterfort to that of the next : and fince the 
total length has been found to be 2309.3 yards, and the 
diftance 54; we (hall have 433, for the number of 
counterforts ; and as the content of all the counterforts 
is equal to theprodu<^ of the content of one multiplied 
by their number ; it follows that 433 multiplied by 
45-84» gives 19860.2 yards for the fum or total content 
of all the counterforts. Whence we get for the quantity 
pf mafonry of the body of the place "^ 

r wall 6i58i.3, 

f he content pf the < foundation 18474:4- 

l counterforts 198 60. 2. 

. Total content 999 159. 

Having 
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Having found the quantity of mafbnry contained \n 
the body of the place, the next thing is, to find that 
contained in the faces of the ravelins, which we (hall 
fuppofe 24 feet high, and whoie profil i& reprefented 
fa^ the third figure, the thicknefs above BC near the 
cordon is 4 feet 4 inches, and near the foundation 9 
feet II inches, thefum of the two parallel fides will be 
14 feet, 3 inches, half of which multiplied by the 
height 24, AB, gives 171 feet, or 19 yards cxaftly, 
for the content of the area A B C D of the profil, cx- 
clufive of the counterforts and foundation. 

Now becaufe the faces of the ravelins, are 51.75 fa- 
thoms, according to our Elements^ p2igt 215 5 and ten 
oftheniwill be 517.5 fathoms, or 1035 yards; this 
length being multiplied by the area 19 of the profil, 
gives 19665 cubic yards for the content of mafonry of 
the five ravelins, exclufive of the foundation and coun- 
terforts. 

Suppofe the 'foundation to be fix feet deep, and 11 
broad ; then the produft of 1 1 multiplied by 6, gives 
66 feet for the feftion of the foundation, or 7 f fq'uare 
yards ; now if this content be multiplied by the total 
length 1035, we fhallhave 7590 cubic yards, for the 
content of the foundation. 

The length L A of the counterforts is 7 feet, and 
the height HB 30, including the foundation; there- 
fore the area of the counterfort KB, will be 210 feet, 
or 23 -J- fquarc yards ; and if the diftance of the center 
of one counterfort to that of the next be 16 feet, the 
thicknefs will be 4 feet, or 1 4 yard ; whence multi- 
plying 2.3 ^^ by I -J-, we fhall get 3 1 cubic yards near- 
ly, for the folid content of one counterfort. If we di- 
vide the total length 1035, by the diftance y* we 
ftiall get 194. for the number of counterforts contained 
in the ravelins ; and therefore this number 194, mul- 
tiplied by. the content 31 of one, gives 6014 cubic 
yards, for the total content. Confequently, the quan- 
tity 
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ticy of tnafonry contained in- the faces e^ the ravelins 
will be 

C wall . 196^5 

The content of the < fouqdation 7590 

^ counterforts 6014 

33269 

It remains now to find the quantity of mafonry con- 
tained in the counterfcarp •, fuppofe the fourth figure 
to be the profil, which is 16 feet high, from the foun- 
dation, 2 feet above, and 5 feet 2 inches near the 
foundation, according to our tables ; the two parallel 
fides being added, gives 7 feet 2 inches, half that fum 
multiplied by the height 16 feet, gives 574- fquare 
feet, for the area, or 6.4 yards nearly. 

The length of the counterfcarp is not found without 
a good deal of calculation, which we have explained in 
our Elements^ pages 214, 215, and 216; to which we 
refer our reader, and content ourfelves by giving the 
amount as found there, for the length before one front, 
which is 290 fathoms, or 580 yards *, and as there are 
five fronts, five times this number, gives 2900 yards 
for the total length *, this length being multiplied by 
the content 6.4 of the profil, gives 18560 cubic yards 
for the content of the wall, exclufive of the foundation 
and counterforts. 

If the foundation is 5 feet jdeep, and 6.5 wide ; then 
the produft of 5 by 6.5 gives 32.5 Iquare feet, or 3.6 
iquare yards nearly, for the fedtion of the foundation ; 
and this number multiplied by the total length 2900, 
gives i0440cubic yards for the total quantity of ma- 
fonry in the foundation. 

Now becaufe the height of the counterforts is 21 
feet, and their length 4 ; the product of 2 1 by 4, 
give? 84 fquare fcct^ or 9 4- fquare yards for the area 
of the counterforts ; and if we fuppofe as before, the 
diftance from the center of one to that of the next, 
to be 12 feet, their thicknefs will be 3 feet or one 

yard ; 
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•yard i therefore the content of one counterfort will be 
9 ^ cubic yards. 

If the total length 2900 yards be divided by 4 yards, 
their dtftanCe, wc* (hall get 725 for the number of 
counterforts, which being multiplied by the content 
9 4- of one, gives 6766.6 cubic yards, for the total 
content of mafonry in the counterforts. Hence the 
total content of the mafonry contained in the counter- 
fcarpwUlbe 

r wall 18560 

Content of the < foundation 10440 

C counterforts 6766 

Total 35766 

Having thus found the quantity of mafonry con-K 
tained in the feveral parts, according to the plan and 
profils here given, by adding them together, we fhall 
have the content of the whole, exclufive of bridges, 
gates, and under-ground works. 

C body 9991^ 

Content of the s ravelins 333^9 

^ counterfcarp 35766 

Total content 168951 

Thefe computations may alfo be perforn>ed as fol- 
lows V add the areas of the proBl and foundations to 
that of one counterfort divided by 4, and the futn 
multiplied by the total length, gives the whole con- 
tent at once. Thus in the counterfcarp, the area of 
the proBl is 6.4 yards, that of the foundation 3.6, and 
that of the counterfort 9 |, this laft divided by 4, gives 
^•3 |. Now the fum 12.3 4 <>f thefe three areas mul- 
tiplied by the total length 2900, gives 35766 cubiq 
yards, for the whole content of the counterfcarp j 
which is the fame as before : The f^me thing will be 
true in regard to the refl of the computations. 

AU 
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Although this is not the exaft content ofthe mafon- 
ry contained in this fortrefs, becaufe there are folids in 
every angle, fuch as are reprefented in the fourteenth 
plate of our EUmmtSj which muft be confidered when 
the works are meafured, as well as the coping ftones; 
yet this menfuration is fufficient for an eftimate. There 
are many engineers that are not fo exad in their tx)m- 
putation ; for how could it be, fince few of them have 
fcarcely the Icaft notion of geometry, without which, 
it is impoflible to compute to an exa&nefs any thing 
of this kind. 

^0 compute the Excavation ofthe DITCHES, 

The method of computing the quantity of earth 
contained in the ditches of the body of the place, and 
ravelins, is reduced to the finding their areas, and then 
to multiply the fum by the depth of the ditch, that is, 
by 16 feet, or 5 4 yards. But by reafon of the ir- 
regular figures, they muft be divided into parts, in the 
following manner. From the point B draw B L per- 
pendicular to the countcrfcarp ; from the angle F of 
the flank F draw F T, perpendicular to the line of 
defence G E, and from the point D, D V perpendi- 
cular to the counterfcarp I L produced ; then if B K 
be the capital of the baftion produced, we muft find 
the fpace ILBD, the triangles GEF, DGH, and 
the circular feftor L B K, in order to get the area of 
the great ditch before one ofthe fronts. 

The length I L of the counterfcarp has been found 
in our ElementSy page 214, to be 87.85 fathoms, or 
175.7 yards, BL is 40 yards by conftruftion ; and 
in the right angled triangle D VI, we have D I, 25.93 
fathoms, or 51.86 yards, by page 215 j and the angle 
D I V, 74 degrees and 35 minutes ; by which we find 
the perpendicular D V to be 50 yards, and the bafc 
IV 13.78, by adding IV to IL, wefhall have VL, 
189.48 i and if we add the two parallel fides BL, 

DV, 
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P V, we get 90,. aftd half their fum 45, multipdied 
by VL, 189.48, gives 8526.6 fquare yards, for the 
ipace D V L B, from which we muft fubtrad the tri- 
angle D V I, in oitler to get the fpace^ D I L B ; but 
the fide I V, is 13-78^ and the perpendicular D V^ 505 
half the product of thefe numbers, gives 344.5 for the 
ar^a of the triangle D V I, which being fubtra£led from 
the content of the area VLB D, leaves 8182 (quare 
yards for the content of the fpace D I L B. 
, The next thing to be found is the artfa of the tri- 
ingle GFE, in which the fide FG is 76.39 fathomSf 
or 152.78 yards, the fide EF, 54.54 yards, and the. 
fide £G,^ 170,28 yards; having the three fides of a 
triangle, the fegment E T is found by laying the fum 
207.32 of the fides GF, FE, is to their difference 
98,24, as the bafe GE, 17O.28 is to the diQerence 
80.6 J between the fcgments GT, and TE, which 
being fubtraftcd from the bafe GE, 170.28, gives 
S9.68, half of which 44.84, will be the lefier fegment 
E T 5 therefore the difference between the fquares of 
£F, 54.54, And £T, 44.84, will be equal to the 
fquare of the perpendicular FT; which will be found 
to be 31 yards. Now becaufc the two triangles GF'E, 
D G H, have the fame altitude, the fum of their bafcs 
G E, 170.28, DH, 89.74 being multiplied by the 
perpendicular FT, 31, half the produft, gives 4030 
yards for the content of the fpace E FG H D. 

It remains now to find the circular fedor L B K ; 
the angle LB K in a pentagon, is 108 degrees, and 
52 minutes, and the radius BL, 40 yards by con- 
ftruftion ; whence if we fay 7 is to 22, lb is the ra- 
dius BL, 40, to the femi-circumference 125.7 nearly; 
and again, 180 degrees is to 108 degrees 52 minutes, 
or 108.86 degrees nearly, as 125.7, is to the arc LK, 
which is 76 yards; then half the producfl of this arc, 
and the radius gives 1520 fquare yurds for the con- 
tent of the fcdlor L B K. 

Now 
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Now if we add twice the fum of the fpace DILB, 
8182, and the fefborLBK, which is 19404) to the 
fpace HG FED, which has been found to be 4030, 
we Ihall have 23434 fquare yards for the great ditch, 
before one of the fronts. 

Laftly, The area of the ravelins ditch is to be found ; 
if from the extremities of the face NQ^, we draw 
N b^ Qjtj perpendicular to the pppofite counterfcarp, 
an: Then becaufe the width of th^ditch is 24 yards 
by ccnftruftion ; and the face N Q^, has been found 
in our EletnentSj page 215, to be 103.5; the breadth 
being multiplied by the length NQ^, gives 2484 
iquarc yards, for the content of the area N Qjtt. 

In the right angled triangle N ^ /?, the perpendicu- 
lar N ^ is 24 yards, and the bafe at has been found in 
our Elements^ to be 8.72 yards ; and half the produft 
of thefe two fides, gives 104.64 for the content of this 
triangle. 

The angle NQ^R has been found to be 73 degrees, 
and 30 minutes; whence, if we fay, as 7 is to 22, fois 
the radius 24 to the fern i- circumference 75.4 ; and 186 
degrees is to 106. degrees, 30 minutes, or 106.5 de- 
grees, the meafurc of the angle n Qjn^ fo is 75.4 to 
tht 2LVQnm^ 44.6 yards; and half the produft of this 
arc and the radius, gives 535.2 fquarc.yards for the 
content of the fcftor n Qm. 

Now if we add the content of the triangle N ^ i, 
104.64 to that of the reftangle N ;;, 2484, their fum 
will be 2588.64 ; and twice that fum added to that of 
the fcftor »Qj», gives 5712.48 fquare yards for the 
Content of the ditch before the ravelin. 

Therefore if we add the contents of the great ditch 
23434 to that of the ravelin, we fhall get 29146.48 
Iquare yards for the fum, and five times this fum 
gives 145732.4 fquare yards for the content of the 
ditches round the whole fortrcfs. 

L K 
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If this content be multiplied by the depth of the 
ditch 1 6 feet, or 54- yards, we (hall get 777239.4 cu- 
bic yards for the totalxbntent of the ditches. 

This is not the coptent of all the excavations to be 
made ; that of tlie walls','' co'unter&rts, and their foun- 
dations nuiA likcwife Be cQnfidered •, as there mud like- 
wife be ropin for the workinea to wiork,^ which cannot 
be Icfs than two feet, .>befides the thicknefs of the 
wall, the length and breadth, of the counterforts ; but 
the flopes of the^allfs are not to be takeci in here, be* 
caufe we have fuppofed the ditch to be du^ perpendi- 
cular. 

Fig. 2, . Therefore. if R-T be the line terminating 
the height of.ihe ditch frond the foundation, we muft 
find the thicknefs of the wall at T ; which is done by 
adding one fifth of the height RM 14 feet, to the 
thicknefs B G above 5 feet, which"gives S feet neaj-ly, 
to which, adding two feet more» according to whatnas 
been faid above, gives 10 fect,\and this multiplied by 
the height K R 16 feet, gives 160 feet, or 17.7 fquare 
yards. Now the foundation D H being 6 feet deep, 
and 1 2 broad, to which adding two feet on each fide, 
gives 1 6y and this multiply by 6, gives 96 feet, or 10.7 
yards nearly ^ this added to 17.7, gives 28.4 fquare 
yards for the area of the profiU therefore 28.4 mulri- 
plied by the total length 2309.3 of the body of the 
place* found before, gives 655 84^ cubic yards, for the 
q^uantity of earth to be removed on account of the wa)K 

Xhe height of the counterforts K R is 22 feet, in- 
cludijigthe foundation, the length KH is 8.6 feet 
to which adding two feet more, gives 10.6; this mul- 
tiplied by 22, gives 233.2 feet, or 26 yards nearly : 
Now becaufe the thicknefe of the counterforts has beea 
made 4 feet, by adding two more on each fide, gives 
8 feet, or 2 4. yards, which mulciplied by 26, gives 
69.3 for the quantity of earth removed on account oif 
one counterfort; and as there are 433 of them, we 
fiiall have 3C007 cubic yards for the total quantity of 

earths 
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earth. This quantity, addeB to that abore, gives 
955.^1 cutnc yards for the tbtil quantity to be removed 
pn account of the wall of the body of the place.* 

Fig. 3. To find the quantity removed in the rave- 
lin, where the height R M is 8, and the thicknefs B C 
4.4 feet I one fifth of S is i i6, which added to 4.4^ 

SVes 6, to which addirSg two feet more, gives ^8; 
is multiplied by x6, gives 128 feet, or 14.2 fquare 
yards for the fcAion of the excavatidn. 

The foundation has been fuppoied 6 feet deep, 
and 1 X broad, by adding 4 to 1 1, gives 15, and this 
multiplied by 6, gives 10 yards for the foundation; 
the' fum of 14.2 and 10,' gives 24.2 iquare yards, 
which being multiplied by the total length X035, g|ves 
25047, for the content of the excavation of the faces. 

The height of the counterforts KR is 22 feet, and 
thetr length K H, 7, to which adding two more, gives 
9, and the produA of 22 multiplied by o,. gives 19S 
feet, or 22 yards ; and (incethe thicknefs of the coun- 
terforts is 4 feet, by adding 4 more, gives 8 feet, or 
2 -f yards, which multiplied by 22, gives 58.6, for 
the excavation made for one counterfort, and as there 
are 194 in all, this number multiplied by the content 
58.6 of one, gives 1 1368 for the total excavation made 
for the counterforts in the raVelin. This added to the 
former, gives 3 64 15 cubic yards for the total excava^ 
tion. 

Fig* 4. Laftly, It remains to find the excavation 
made for the counterfcarp : The thicknefs above is 2 
feet, to which adding 2 more, gives 4, this multi- 
plied by the height 16, gives 64 feet, or 7 yards 
nearly. The foundation is 5 feet deep^ and 6.5 broad^ 
to which adding 4 more, gives 10.5, and this multi« 
plied by 5, gives 52.5 feet, or 5.8 yards nearly-, and 
the fum of the foundation and the wall is 12.8 yards : 
and becaufe the total length is 2900 yards, the produft 
of this number multiplied by 12. S, gives 37x20 cubic 
yards, for the content of the excavacion. 
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I The height of the counterforts is 21 feet, slnd their 
length 4, to which adding 2 more, gives 6, the pro- 
dud gives 14 yards for the content ^ and as they are 
a yard thick, < by adding a yard more, gives 2, and 14. 
bjr 2, gives 28 cubic yards for the content of one 
counterfort; and Gncc there are 725^ the total Content 
qY. all die counterforts will be 20300. And this added 
to that of the wall 25047, gives 45347 cubic yafrds. 

Whence the content of the ditche? 777^39 

of the town-wall 95521 

of the wall? of the ravelin 3 64 1 5 

' of thecounterfcarp 45347 

/Total content of the excavation of earth 95^59^ 

If it is knowrl how many men are required to rfemovc 
the earth, either from the glacis or the r»nparts ofthe 
Body and ravelin, and how much they remove in $t 
day ; the expence for removing the earth may be 
pretty exadly computed ; for there is no fiich thing as 
to form an exaft account, many accidents happen dur- 
ing the time of the works or this nature, to come 
fo any exaftnefs 5 for example, if every cubic yard 
cofts fixpence to remove, and make the works com- 
pleat, without any other expence cither for tools, 
bridges, and roads -, the expence of removing the whole 
quantity would amount to 23864 pounds,. 16 fhillings. 

Thf computation of the quantity of earth has been 
made upon the fuppofiiion that the ground is level;, 
but as this is fcarcely ever the cafe in real pradtice^ 
marks are left every where to fliew the different depths 
fliat have been dug, and a proper reduftion is made, 
in order to get the true quantity of earth removed v 
for which reafon the reader muft cDnfidcr what has 
been here done as the method by which he is to pro- 
ceed when a fortification is to be executed y and that 
this is fufiiciently exa£i: to make an eftimate. 
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As to the mafonry, it may at all times be known 
what the ftoncs coft in the quarries, and for the bring- 
ing them on the fpot ; as likewife the expence of cut- 
ting them, and to make the walls, when the fituation 
of the fortrefs is once Bxed upon : the fame thing will 
hold good if the place is to be built either entirely or 
partly with bricks. 

But there are many lefler articles, fuch as the gate- 
ways, bridges, cazemats, powder-magazines, ftore- 
houfes, guard-houfes, barracks, &c. which cannot 
be eftimated without a, great deal of experience in thefe 
kind of works : therefore an engineer muft be well ac- 
quainted with it before he is able to undertake fuch 4 
work. 



SECT. VL 

To trace th planofa FO RTRESS on the 

Ground. 

iF the ground is uneven, filled with bufhes, hedges, 
ditches, or any other obftacles, which hinder the 
tions from being feen, it is neceffary to trace the tx- 
terior fides in a rough manner, in order to clear the 
ground, and then trace the works over again more 
fcxaftly. If the fortrefs lies near a river, the fide next 
to it muft be traced firft, fq as to agree with the pro- 
pofed plan ; or if there are any builclings which arc 
to be inclofed, you begin with that fide firft, which 
brings them in their proper fituation: The greateft 
difficulties happen when the fortrefs is to be built on a 
defcent of a rock or hill, where the works lie not ail 
ta the fame level ; in fu<;h a cafe, great care muft be 
taken to make proper allowances for raifing and falling 
of the works, in order to plate them in fuch a manner 
that tht exterior works be always commanded by tha 

L 3 inie^ 
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interior ooes ; it is here where an engineer requires 
great (kill and knowledge to make the diScreht parts 
anfwer. their true intent. 

There are two difiertnt inftruments cpmmonly ufed 
in tracing the: wo|!ks on the .gcoynd ^ which are the 
plain table, and the theodolite. 

The plain table is the mcA iimple» but it 19 not fo 
exaft ; for which reafbn,. I V/ould never ufe it, but in 
fmall forts^ or works of no great coofequence. 

When a plain table is ufed, the plan muft be drawn 
on a Igrge fcale, at leaft. of 30 fathoms to an inch, 
which is fattened with fcaling wax to the table, ib as to 
lay quite fmooth and even ; then by means of a ruler 
with fights, the angles are laid down on the ground^ 
and the lengths of the lines meafured by a chaip ^d 
rod : But when the theodolite is ufed, the lines and 
angles muft be f6und by trigonometry, in the man* 
ner given in pur Elements ofmaibematics. 

This being done, the angle^ muft be traced on the 
ground with the inftrument, and (he lines laid down as 
before. JSut .to explain the manner of ufing both thefe 
ii>ftrqipen^, we ihall begin with the plain table, and 
ihew how the body of the pl^ce is to be traced^ 
and then how this is to be done with the theodo* 
Uce. 
-• 

^0 trace the Plan ^a Fortress mtb a Piaim4. 

Table. 

Plate VII. Having faftcned the plan on the table» 
in the manner mentioned before ; which we ihall fup- 
pole to be a regular pentagon, of the f4me dimenfiona 
^ in the laft plate : Suppofp the point O to be the 
center of the place : place the table exaiftly ovq* tho 
point O, fo as the center on the paper is exadtly ovef 
the center on the ground, lay the edge of the ruler 
along the radius or capital OA, ^nd.turn the tabl^ 
pund, till the point A is fcen. through |he fights^ 
2 place 
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place a piquet or ftake in that diredion-; keep the 
table fteddy, and turn the ruler about the center O, 
till it is in the direction O B on the papec, and place a 
piquet at any diftance in that dtreddon % keepicg the 
table in the m^c dire£Uon, lay the ruler on the capital 
O C, and place a piquet in that diredion, and proceed 
in the fame manner witSi the capitals O D and O E ; 
this being done, fett off thefe capitals with a chain in 
the mod exa& ^manner you can, which gives the five 
points A, B, C, Di £; now to be certain, that thefe 
points were righdy determined, the exterior fides AB, 
AE, &c. muft be meafured with the chain, and if 
they are the fame length as they fhould be, you. are 
ceruin that thefe points are right : but if the exterior 
fides are either too fhort or too long, the capitals muft 
be meafured again, till fuch time that erery iine on the 
ground is <exaftly of The fame length as thofe on the 
paper. .\ 

Having dilterniined «the exterior fides,, the table is 
p^ed at Ai and by the help of the tuier turned fo as 
tfie two exterior fides A^, AE, on the pap^r coin- 
cide with thofe on the ground ^ dieo^^'keeping the 
table in that pofition9 and laying the ruler along the 
face A F of the baftion, and a piquet being placed in 
that dhe£tion ; then the face A F is meafured by the 
chain, which gives the point F ; the table is placed 
0ver this point,, fo as the Hne A'F on thd paper- agrees 
exaftly with the fame Ime on the ground ; by keeping 
die table in that pofition,' and directing the ruler along 
the flank F G % then a piquet is planted^ and^che^lcagth 
of the flank meafured, which gives thc^ point. Gu 

Afcer this the table i$. carried, to thkpQiQt^B, and 
turned fo as the exterior fides fi C^ B A, oa, thie paper 
agree with the fame lines on the ground ; keeping the 
table in that pofition, the ruler is. direi^ed' along the 
face B L, and a piquet planted in this dircflipn ; then 
by fettiag pfF 50 fathoms for the length of the faoe^ 
ffonr-B to Ls the point L is given ^ to which the 

L 4 table 
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table being, carried and turned fo ^s that the face B If 
upon the paper, agrees with that line, on the ground : 
then direding the ruler along the flank LH, and 
planting a piquet in that dire<5bion : by fetting of 27.27 
fathoms for the length of the flank from L to I;!, 
which determines the flank and curtain. 

Now to be certain, that this front has been rightly 
traced, the diftance from H to G muft be meafured, 
to fee whether it is 76.39 fathoms as it fhould be, and 
from the points A and B, itmuft be obferved, whether 
the points B, L, G, and A, F, H, are in a right 
line ; if this is fo, the front is rightly traced, and if 
not, it muil be traced over again, till every thing 
comes out right. 

The fame operations muft be performed at every 
fide of the place, by which the body will be finifhed 
for the prefent, becaufe the rampart, and parapet, as 
well as the thicknefs of the wall, are determined after- 
wards. 

If the fortrefs is either irrregular, or there arc any 
buildings in the way, in fuch a manner, that the 
points A, B, C, D, £, cannot be feen from the cen- 
ter O : The exterior fides A B, B C, C D, D E, muft 
be traced y that is, the table is placed at A, in fuch a 
manner, as the exterior fide A E on the paper be in 
the fame direftion with A E on the ground i then, by 
keeping the table in that pofition, and direftirig the 
ruler along the fide A B, in which a piquet is planted, 
and the lengths of the two fides AE> AB, meafured^ 
which gives the points E, A, B ; this done, the table 
is carried to the point B, and placed fo as the fide B A,^ 
on the paper agrees with that line on the ground j then 
the ruler being direfted along the fide BC, and it* 
length being fet off in that dire6l;on, gives the point C^ 
in the fame manner is found the fide CD i and if the 
diftance D E is found to be of its proper length, and 
the angle A E D agrees with that on the paper, the ex- 

tcrior 
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terior (ides have been rightly determined : after this^ 
the reft is performed in the fame manner as before. 

If the pofition of any other line is determined cither 
by buildings or a river, you are to begin with that line 
and find by its means the exterior fide^ next to it, and 
from thence you proceed as before : Thus if the direc-, 
tion of the line C D is given, on account of a river, fo 
as to bring the greateft part of it into the great ditch | 
the table is placed at C, and direded fo as the line C D 
on the paper agrees with that line on the ground ; then 
keeping the table in that pofition, and directing the 
ruler along the exterior fides C D and C B ; the reft h 
finifhed as before. 

When an old place is to be fortified, it often happens^ 
that the fituation of one of the curtains is determined ; 
fuppofeGH) then the table is placed at G, and lit 
in order to find the Hanks G F, H L ; and then at L 
and F to find the faces L B, F A, which gives the exr 
terior fide A B ; this being done, the reft of the work . 
is performed as before. 

7*0 trace the Plan cfa Fortress on the Ground 

with a Theodolite. 

When the fortrefs is regular, the theodolite is placed 
in the center O, and levelled by means of the crofs 
levels and fkrews ; fix the index to 360 degrees on the 
limb ; turn the whole inftrument round till the north 
end of the needle hangs over the flower de luce, or 
360 degrees in the box ; there fix the limb of the in^ 
ftrumenc by means of a fcrew underneath, then dif- 
charge the index, and turn it about till the vertical 
hair in the telefcope cuts the ftation A placed arty 
where in the direftion O A ; then adding the degrees 
on the limb, which we fuppofe to be a certain number 
of degrees exaftly, without any fraftion, to the num- 
ber of degrees of the angle A O B, and turn the index 
fo as to cut exaftly the fame number of degrees on the 

linjbi 
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limb ; this dohe^ plaCe a ftation in the direi^on OB ; 
adding again* the cumber of degrees of the angle 
B O Q to thofc on the limb, and turn the indedt round, 
till it etit» the f^d nomber^ by pi^tn^ a ftation in the 
dire&ioh\OCv and proceed in the-^me knanner alt 
rounds till the ^rfK>le is iihif^d. 

' We prefer this pra^c to -any <?ther, becaufe the 
needle cuts always the fame number- of degrees nearly, 
as the index does <)n ^be limb ^ but it may be done 
thus, after yMng leveled the 4Aftrumefit, and fixed 
the indeJe to: 366; ii^cfs, you tura the inftrumenc 
round tiH'* the verticaPhiair -cuts any-ftation placed in 
the dire6Etbn'O^A'; then*^4ie limb is made fafi: by 
means of a ikri^w^ and €k<i index difcharged, and turn- 
ed about till it cms the fai^e -(dumber of degreed as the 
angle AO B at the center, which is here 72 degrees \ 
then placing a Nation any whicre in the4ire£i:ion O B, 
and turning the index abomttiU U cuts as many degrees 
as are contained in the angle AOO, which is here 144; 
by placing a ftatiion in the dire£kkxv^O£, the in* 
dex is turned round till It cots the angle A OD^ 216 
degrees oh the limb, and fo on to the reft ; this done 
and a fiaiidn placed in OD) then, the index being 
turned round till the vertical hair in the telefcope cuts 
the ficflr'Hation A ) if the indew-cuts exadtiy ^60 de« 
grees on the limb- the^aiigles are rightly laid down» 
and which it will always do,; if the inftrument has not 
beennfiOved> - / . 

The angles at the centepbcing- laid-d^wn very accu- 
rately, the capitals OA^ OB, (^c. mufl: be meafured 
With the fame care i ^t\d t6 j^otethe Worki the exte- 
rior fides AB^ BC, jGdV. . muft alio ^be-itteafured, and 
if thejr anfwer their* dirti^ijifidJis, evtt?y thing, is right. 
But ir the fortification is inptguhr^ or the points A, B» 
C, D, Ei cannot- bo fecn trdm the xcnter O; the 
theodolite muftbe placed a^ ^ny one angle as A, which 
we fuppofe- to be detertt^ihcd bytheijfituation^v after th^ 
Inilrupciit U levelledy'^^-theiiideK-'placcd on 360 

degrees^ 
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degrees, the whole inftrument is turned round till the 
north end of the needle points likewife at 360 degrees ; 
the limb is faftened* with the (krew and the index dif- 
charged, which being turned, fo as the telefcopecuts 
the ftation in the direction A £, which is fuppofed to 
^ given ( then obferving the number ot degrees 
which the angle made by A £, with due ibuth and 
north, fuppo^ 5 degrees, which bdng fubtra&ed from 
the angle £ A B, of the polygon zo8 degrees, then 
turning the index round till it cutt Z03 d^rees on the 
limb, which is the difiSsrence between 5 and xo8; 
then placing a ftation in the diredion A B, and letting 
off from A to B, 1 80 fathoms for the length of the 
exterior Hdie A B : Now the theodolite being placed at 
B, and the index fixed to the limb, the whole in^ 
ftrument is turned, fo as the ftation at A may be feen 
through thf? telelcope ; then the limb is fattened, and 
the index difcharged, after having obferved the num^^ 
ber of (degrees it points at, to which adding the num- 
ber of degrees contained in the angle ABC, and if 
the fum exceeds 360 degrees, fubtraS: 360 from it, 
and turn the index round, till it points at the ffivea 
number of degrees, and looking through the tek^ope* 
the ftation C is placed in that diredion : the exterior 
fide B C being fet off on the ground, gives the point 
C ; from whence proceed in the fame manner as be- 
fore, till you come to the point E ; and when the in- 
ftrumf?nt is brought to the firft ftation A, and the 
angle £ A B is found the fame as before, the opera- 
tion is rigl^t. 

It may be obierved, that by laying thus down the 
angles from the meridian, pafling through the point 
A ; the needle will always point at the fame number 
of degrees nearly in the box as the index on the limb» 
which being carefully obierved at every ftation, will 
ftew whether anv error has been^ committed, either by 
accident or miftaice, and if* there be any found you 
fmSt return to the former ftation to correal it, before 

you 
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you proceed farther & by which you fave the trouble of. 
going over the work ogain^ for a miflal^ made per- 
haps at the beginning* Mod engineers content them-. 
feivrs, by laying down fimply, the angles of the poly- 
gon without any meridian. 

As all the angles and lines of a plan mu(t be found 
by trigonometry,, when it is to be traced on the ground 
with a theodolite, ypu plac€ the inftrument at A, and 
&t off the angle B A F, and the lengiLh of the face AF» 
and then at F^ to make the angle AF G of the fhoul- 
dert and when the length of the flank F G is meafured, 
the inftrument is placed at the point B, and proceed in 
the fame manner, to find the points L and H : then if 
the points B, L, G, are in the fame right line as well 
as the points A, F, H, and the length of the curtain 
G H comes out right, you are pertain, that no mif- 
take has been made : The fame operations are perform- 
ed with regard to any other front, by which the body 
of the place is traced on the ground. 

The next thing in hand, is to trace the counter- 
12::arp of the great ditch ; whichis done in thi:: manner; 
make the angle M D N, equal 'o 74 degrees, 35 mi- 
nutes, according to what is faid in )ur Elements^ page 
214; and fct off.froip D to N twenty fathoms, for 
the width of the ditch> tr^e a line in the dire6tioa 
N R, perform the fame operation before the face £ R, 
and you will have the flrait part of the counterfcarp ; 
the round parts before the baftions are deternlined by 
placing pkjuets at certain dift^npes from each other^ 
fo as to be 20 fathoms diftant from die failant angles 
of the baftions ; or |f the djtch is not io wide, ana 
chat the chain may reach crofs, faften gnt end of it to 
the piquet at D9 and at the other end a loofe piquet^ 
Ip as to reach the point N; then by turning the chaiix 
round the piquet at J)^ fo 9s to keep it always ftrait, 
with the point of the other piquet ypu may trace ths 
round part on the ground^ 



• •• w« •,'•« 



$e6t. 6/ F OR 17 1 P I C A T I ON. i^f 

To trac^ the rave!in> through iht middle of the 
exterior lide D Ej mark ^ lind S T, at right angles td 
k, in which fet off' 50 fat^ottis^ f6t the lengtli of the 
capital of the ravelm, from the i**ntring tingle S of 
the counterfcar|> to the J>oirit T; from the point T, 
trace-two lines to tHe* coutlterfeaa*p, wiiieh when pro« 
duced, fliall meet theoppofice faces of the baftion in a 
point X, within three tathoilfis^ ft6m thfc fbbUlder M. 
As to the oounterfcarp of the ravelins ditch, it is found 
by crefting perpendiculars at the extremities^ of Che 
faces, each of 1 2 fathoms, for the width of the ditch ? 
The round part is found as before. 

lo trace the C6V£rt avay^ an'd Glacis on the 

Ground, 

From the reentring angle a of the counterfcarp, fet 
off 20 fathoms for the femi^orges ab^ ac^ of fljc 
place of arms ; faften two chains or chords to two pi*i 
quets placed at b and'f, each of them of 25 fat^iomd 
long ; which being ftretched, and To as to meet at d^ 
place a piquet there, and trace the faces bd^ cd. If 
two points are marked with piquirts along each fide of 
the counterlbarp, and at 6 fathoms from if, then* thtf 
lines traced in thde direftions will determine the co- 
Ttrt-way : and fetting off two' perpendiculars to the 
fides of the covert-way, and at 20- fathoms from themi 
the lines traced throu^ their extremities Will deter- 
mine the breadth of ^he glacis. The traverfcs are fea-' 
fily traced on the ground, from their conftru^tion on 
the paper. 

This is the moft'accurate way of tracing the plan of 
t fortrcfi on the ground ; and it may be obfcrved iri 
general, that all works of wliat kind foever of this na- 
ture, are always to be traced, by the help of the lines 
and angles, either ^vcn by conftruftion, or found by 
trigonometry. 

For 
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For inftance, to trace a horn or crown- work^ on the 
ground ; the angle which their branches make, either 
with the counterfcarp or the faces of the baftion, muit 
be found as well as the length of the branches, thefe 
being once known and traced^ die reft nxiy be 
perfoaacd 2ir the fimenMmier as tn die body of the 
place. 

The manner of tracing lunets* tenaillonst counter- 
gards, and all fuch works, differs fo little kom what 
has been faid before, that it requires no farther expla- 
nation. 



SECT. VIL 

Tie Method of Suildi^g a FOKTKUSS. 

AFTER having traced the principal or magiftral 
line of the woks, the ground muft be levelled 
round the body of the place, in order to choofe a 
mean between the different raUings and fallings of the 
^ound for the level of the place, which ought to be 
luch that the earth of the higher parts may nearly fill 
up the cavities of the lower, and the center of the 
place muft be marked, and is generally about fix feet 
higher than the above mentioned level, in order to get 
a proper defcent for the running of the water into the 
ditch ; this being done, a trench is dug (H round for 
the foundation of the body-wall ; but care muft be 
taken, to throw as much earth out of the trench and 
ditch, towards the center of the place, as will make 
the rampart and parapet % tlus may be done nearly by 
computing that part of the profil above the level ground^ 
and cutting a trench of an equal fe£tion ; it muft like- 
wife be confidered, how much earth will nearly be dug 
within the place, for cellan, condu^b, fdy-ports and 
cazemats. For the removing the earth out of ditches 
and underground- works, in fuch a manndr, asjuCtto 

make 
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make the rampart and parapet, and the reft for the 
glacis^ is one of the moft difficult talks that can happen; 
(ince it requires great (kill to do it fo as not to have 
more than is wanted to compleat the work^ and to 
prevent the moving of it over again from one place 
where it was thought neceflary, to another, which in 
my opinion, is hardly po{Iible> and therefore the leaft 
itmoves will be the beft. 

That part of the trench made for the foundation of 
any work towards the rampart, ought to be cut into 
fteps, as may be feen in the eighth profil, Plate VIIL 
and as near the wall as can be, without any inconve* 
niency ; becaufe when the rampart is compleated, there 
will be only the earth which has been dug, that will 
prefs agaipft the wall; whereby its refiftance becomes 
io much the ftron^er. In my opinion, the rampart 
ihould not be made till fuch time the mafonry is fet- 
tled and dry, which requires at le^ft a twelve months 
unlefs there is an abfolute necelTity for it ; for when 
the damp earth is rammed againft a wet wall, it will 
require a great while before it dries, and perhaps this 
will not happen .at all, unlefs the mortar be very good ; 
for which reafon, I would mix cinders inftead of fand 
with the lime, and to lay this mortar about a foot and 
a half deep oti the fide of the wail next to the rampart ; 
this will fooner dry, and prevent the moiftncls of the 
earth from penetrating into the mafonry. 

To prevent the preiTure of the earth agsunft the wall 
as much as is poffible, branches of all kind of wood 
are ftuck into the earth, by horizontal layers, with 
the iharp end as deep into the unmoved earth, and as 
firm as can be, and a bed of earth well rammed, of 
half a foot deep; in the manner reprefented in the 
eighth profit ; when this is done, the wall has time to 
fettle well, aod becomes quite hard before it fuffers an/ 
pre0ure» 
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« 

Of the Foundations and the manner of laying tbem. 

Plate VIII. As the foundations of all buildings in 
general, are of the greateft importance, in refped: to 
the ftrength and duration of the work ; we fhall enter 
into all the moft material particulars, which may hap- 
pen in different foils, in order to execute works with 
all the fecurity poffible; becaufe many great buildings 
have been rent into pieces, and fome fallen down, for 
want of having taken proper care in laying the founda- 
tion ) and for a further explanation we fhall join here 
plans and gFofils, adapted to the moil material fituati^ 
ons that can be found. 

Firft, It is neceflary to examine very carefully the 
nature of the foil, upon which the foundations are to 
be built ; for doing this, proper augures are ufed to 
bore holes in feveral places lo, 12 to 15 fett deep, 
in order to difcover the nature of the foil, and its hard-i* 
nefs } or if it is made of feveral layers or ftratas, which 
is comnK>nly the cafe, the difference of their nature and 
goodnefs ; this is known by their colour or the difficulty 
of piercing through them. 

If the foil be of a good confiftence, for a certain 
depth, without any water or foft ground, and this 
holds fo all round the foundation, there need no other 
Drecaution be tak^n, than to lay the foundation four, 
five, or fix feet deep -, only obferving to enlarge its 
breadth, in proportion to the height of the walls to be 
built upon them : Since the higher the wall is the more 
weight the foundation mufl fupport : Although this is 
felf 'evident, yet engineers do not feem to. mind it^ 
becadfe they make commonly the bafe of the wall in 
proportion to the depth of the foundation, and not to 
ebe height of the wall. 

If the foil be a hard gravel for about 10 or 12 feet 
deep, the foundation may be built upon it, without 
any danger of its (inking s or if the foil be a ftiff clay, 
'v-' it 
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it will likcwife be good ; the firft and fecond figures 
reprefenc the profil and plan of fuch a foundation ; 
where there are two or three courfes of large ftones to 
be put at the bottom ; and. the foundation proje&s by 
two or three feet before, divided into as many re- 
treats, but not above a foot behind -, bceaufe there is 
no danger of the wall falling backwards -, this is the 
cUftom, but as for my part, I think there is no occa- 
fion for any projeftion at all backwards ; fince the 
counterforts are fufficient to fupport the wall, and this 
projection might be of greater advantage before, if 
added to thofe already mentioned. 

If the foil be not very firm or hard to a fufEcient 
depth, or when fome parts are fofter than others ; it 
will be neceflary to lay a grate of timber firft crpfs 
ways, and then long- ways 5 or fome lay them firft 
long-ways, and then crofs-ways, which fcems to be 
beft, and well bokcd together with wooden trunnels, 
as is reprefentcd in the third and fourth figures : Some- 
times, thefe grates are boarded over with three inch 
Slanks, as is marked in the profil ; at others large 
ones are laid between the timbers of the grate, and 
laid even with them, upon which the foundation is 
afterwards raifed. 

Some engineers^ choolc toTaifc the fore part of the 
grate of about a twenty fourth part of its breadth, in 
order to prevent the wall from being overfct by the 
preflure of the earth, as it has fometimes happened : 
this precaution ieems to me to be Very neccflary, ef- 
pecially when the rampart is pretty high ; and the 
courfes of ftone in the foundation fhopld have the fame 
inclination, excepting the iaft, or the bafe of the wall 
ought to he level, if thofe of the wall are fo. I am 
ienlible, that fome engineers ridicule this praflice, and 
fay, that all beds of f^one or brick (hould be exactly in 
a level ; but Mr. CoehorHj who knew more of this mat- 
ter than moft. If not all of our modern engineers, has 
not only laid his foundations in this manner^ but like- 
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wife the walls quite up to the top. This is confirmed 
by Vabbi Deiier^ in his perfc6k French engineer, where 
be fays, that in repairing the works at Manheim^ which 
were bulk under the dire£tioi> of Mr. Coebom^ they 
found that the courfes of mafonry where perpendicular 
to the outward (lope, whofe bafe is one fixth part of 
the height, and the walls were only about three feet 
thick above, without any counterforts. This being 
the cafe, and the walls being ftrong enough to refift 
the preflure of the earth, this manner of laying bricks 
or ftones, has greatly the advantage over that com^ 
monly ufed. 

If the foil be fand, and of no hard confidence ; the 
grating the foundation is abfolutely neceiTary-, or if 
the foil be a foft loom or common earth, it is alfo ne- 
cefTary to take this precaution ^ and in general, when 
the foil is doubtful, though not abfolutely bad, a gra- 
ting fuch as this cannot but be very ufeful in prevendng 
the walls from finking ; and I mufl: repeat it again, 
when the wall or rampart ^is very high, particular care 
Ihould be taken to fecure the foundation in the beft 
manner poiTible; for it is better to do this, ^though 
fomewhat more cxpcnfive, than to run the chance of 
making bad work at an eafier rate, which might prove 
more burthenfome at the end. 

It is ncceflary to obferve, that when there is any 
timber under the foundation, the firft courfe of ftones 
ihould be m^de without mortar, becaulp its corofive- 
nefs dcftroys the wood -, .and in general, where any 
beams or timliers are laid into the mafonry, inftead of 
-mortar, ftiff" clay is ufed round it -, and fome carpenters 
make thin cafes of wood round the parts which enter 
into the wall. 

When the foundations are fovery bad, that the 
grate of timber mentioned before is not lufficienr, but 
is hard alter a certain depth ; upon fuch an occafion, 
ic is proper tp drive piles, and then Idy a grate over 
them, fuch as is reprcfcntcd by the fifth arid fixdi figure ; 

thcfc 
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thcfe piles are to be placed eicadly und^ir the croffingg 
of the itifnbiers^ to which they ar^ faftened with trunnels, 
and are to be drove into thie ground as far as they will 

As this oaethod of layiftg foundations happens moit 
fr^queEQtly in the worses of a fon;'rers5 and is Very ex* 
penBve^ care muft be taken not to make any more 
than wbac is necefl^ry. In order to find the proper 
Jength of the piles, one or two are drove as deep as 
thicy will go. and then cut a certain number of the 
fame length, and when theie are droye^ and the depth 
of the foundation remains the fame, more are cut qi 
the faoK length ; but if the foundation changes, the 
reft tnufk be made accordingly. By this method a 
good deal of timber may be faved «, whereas^ if the 
piles are all cut at once, ibme will happen to be too 
long, and perhaps fome too (hort, which waftes a great 
deal of timber to no manner of purpoie. 

Some engineers drive piles into every corner of the 
fquares formed by the timbers, and none under the 
frame, as is reprefented here ; but this n\ethod muft ap- 
pear by every judicious reader, not fo good as the former, 
becaufe the frame is fupported by nothing but the 
earth, which being but foft, muft give way Co the 
great weight of the wall preffing upon the frame. 

Others drive not only piles under the grate, as we 
hive faid above, but likewife two in every fquare, 
that ist in the oppofite angles ^ but it feems to me, 
not worth while to make fuch expenfive work without 
an abfolute neceiucy, and when no other method is 
pradicablc. 

Befides the piles under the grating, others are to i^ 
drove at the outfide next to the ditch, ^ is rc;prefented 
in the plan by the letter /T, their number is uncertain, 
and ought to be regulated by the goodnefs or badnefs 
of the foundation. In botli foundations, reprefented by 
the third and Bftb profils, the outfide timber next to 
the ditch, ought to be cut in fuch a manjaer that the 
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•wall may reft upon part of it, and the other part pre- 
vent it from Aiding into the ditch, or elfe a fmailer 

'timber fhouid be faftened with bolts upon the larger. 
Mr. Belidor gives an example of a wall Aiding in the 
ditch, at Bergue St. Vinoc^ in Flanders^ which was the 
face of a ravelin ; the fame thing happened fome 
years ago, at our wharf here, at JVoolwicbj for the 
middle part of it. Aid five or fix feet into the Thames^ 

' becaufe the foundation was only clay rammed even 
with the bed of the river, and which would have 
been fuflicient, had the precaution above mentioned 
been taken. 

We have mentioned before that fometimes planks 
are ufed to cover the grating, and fometimes not; 
where there is plenty of ftones, thcfe planks may be 

* faved ; but in walls made of brick they are abiblucely 
neceffary •, for they being but of a fmall fize, thofc 
which refl: upon the timber will not be able to fuflain 

^thofe which are between them. 

If the foundation is either all rock, or only partly fo ; 
the bed of the wall is to be funk about 6 inches or 
fomething more into it,, in the manner reprefented 
by the feventh figure, to prevent the wall from Aiding, 
which otherwife might happen, becaufe mafonry leldom 
binds fo well with the rock as to make it firm and du- 
rable. When the bed is made, care muft be taken to 
fweep it very clean, in order that no rubbiAi or duft 
remains in it, and after this, it muA: be wet as the 
Wall is made; by doing fo, the mortar will enter bet- 
ter into the pores and fmall cavities, the mafonry will 
likewife bind with the rock in a more cafy manner, 

' and form in time but one continued folid ftone. 

Although rock is the ftrongeft foundation that can 
be built upon, neverthelefs, engineers look upon it 

'as one of the mofl: difficult pieces of work to be met 
with ; their reafon for thinking fo is, that they arc 
fcldom level, but raife and fall continually, by which 
the work changes its profil at eVcry fmall diftancCj and 
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to raife the foundation to a proper level, and bin^l the 
mafonry to the. rock in a ftrong and firm manner, 
meets with the greateft difHcuity. 

The fccurcft, rpanner of proceeding in fuch a cafe, is, 
to clear the rock* as well as caai>e, from all duft and 
rubbifh, in the manner obferved before, and to fink 
from fpur to fix ii^ches into it ; then raife the lower 
parts with good mafonry made of very thin but ftrong 
mortar, fo as to be in the fame level with the higher 
ones. This work mufl be left fome time to dry aqd 
fettle, otherwife, tf^at part of the wall which (lands 
upon the made foundation will fink and break off 
from the parts which ftand upon the rock. 

Sometimes the rock will rife at one end nearly as high 
as the wall itfelfi in this cafe, the work muft be raifed 
to a lev^l, of about fix feet from the bottom, and then 
left to dry and fettle for fome time ; after that, it may 
bjc raifed to the fame height again till fuch time as the 
whole wall is finifhed^ and to prevent the workmen 
from ftanding ftill, feveral parts may be undertaken at 
the (ame time and carried on alternately. 

Sometimes it happens, that the rock rifes gradually 
behind, nearly as high as the wall, or, which is the 
fame, that a wall is to be built againfl: the rock *, in 
this cafe, the rock mud be well cleared from all dirt 
and rubbifli, and if it is too fmooth, it muit be pickt, 
or fmall cavities made in it, that the mortar may lay 
hold of, and bind it with the mafonry ; and the work 
muft be carried on gradually and flowly, otherwife 
the mafonry will naturally fink and tear off from the 
rock. 

Mr. Belidor propofes a method for building walls in 
this cafe, which, he fays, has often been praftifed by 
fome French engineers with good fuccefs ; that is, in- 
(l:ead of ufing common mortar and ftone in the ufual 
manner, they prepare what is. called ftone mortar; 
which is made of thin but ftrong morcar, mixt with 
ftonesy about the fize of a wallnut, a little more or lefs ^ 
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then they fct a kind of coffer without a bottom, cut 
underneath, fo as to agree nearly with the unevennefs of 
the rock ; then this Coffer is filled with mortar, and 
let ftand till it is dry and pretty hard ; then they take 
the coffer away, in order to place it elfewhcre. The 
reader may eafily perceive, that the fur face of thjs 
mortar is laid fmooth and l^vel, and that, when it i$ 
well fettled, will ftick much better to the rock than 
any other kind of work whatfoever j thefe kinds of 
walls become in time as hard as Itone icfelf, as appears 
by the remains of fuch as have been foupd here, ifl 
France^ and in Germarjy^ 

In fome parts of Scotland^y in Ireland^ at Cibralter^ and 
Mabon^ the rocks are generally of lime ftone ; in fuch 
a cafe, no better work can be made, than to mix the 
ftones of the fame rock with the lime ; this will, by 
the likenefs of the parts, form a work that will join 
to the rock, and in time become as one continued 
ftone. 

It happens fpmetimes that under a bed of gravel, 
clay, or any other hard confidence, there is a fof^ 
watery foil or fand, to a great depth j where it would 
be dangerous to drive piles, on account of the fources 
or fprings, which are generally undpr thefe place?, 
which when they get once a vent or opening, fill the 
trench made for the foundation in a (hort time, full 
of water, in fuch a manner, as there is no poffibility 
to build there. When this happens, a gutter muft be 
made to lead the water out of the trench into fome 
well made for that purpofe, if none is fourid near 
enough, and engines fe-t to work to draw the water 
Out of it into fome lower place or ditch. 

It may happen, that the water comes fo faft into 
the trench, as not to be drawn off; in both cafes, a 
ftrong grate of timber muft be made, and planked 
over, which being laid over the foundation, and fatt- 
ened in fuch a manner, as not to fhift its place, then- 
the mafonry is b^ilt upon it, by ^i'^hich it will fink gra- 
dually. 
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dually, till it comes to the ground, and when the 
fpundation is raifed above the water, it is left to dry 
and fettle before the wall is condnued. 

I have been aflured by 'people of veracity, and 
judges of thefe works, that many fuch inllances 
happen in Ruffia^ as well as in Flanders^ and yet when 
the walls are finiflied, they ftand neVerthelefs as firm 
as if they were built upon a (Irong foundation ; it is 
certain, that thefe walls will fink, but then the bufi- 
nefs is to make the whole go together without clinks or 
breakings ; which can no otherwife be done, than 
with very good materials, and great care and induflry. 

Notwith landing that no water appears above 
ground, and that there is only a hard cruftof fiveor 
fix feet deep over a fwampy foil, yet it is neceflary to 
lay a ftrong large grate under the foundation; by 
taking care to fink the trench as little as can be done, 
for the fafety of the work ; and the foundation mult 
be carried all round alike by horizontal courfes, and no 
new one begun before the laft be quite finiihed, fo chat 
if the ground underneath gives way, it may be prefled 
alike every where, and fink together. 

This method of carrying on the foundation alike all 
round the work, fliould be.obferved every where, ex- 
cepting on rocks, or fuch a hard fubftance that cannot 
.give way, where it may be done by parts one after 
another ; only obferving to join them well together, 
and by (leps, that no two joints may be over one an- 
oth(5r, 

There are fome fituations, which bcfides being 
fwampy, the trench dug for the foundation fills in a 
ihort time with water ; the method ufcd upon thefe 
occafions, is, to open only as rriuch of it as can be 
made in a day, and the ilones are laid, without any 
other precaution, on the ground, and the work is 
carried on as fall as poflible, till the wall is above the 
height to which the water rifes \ but this foundation 
(null be made very broad and by retreats % and the 
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ftottes laid fn tcrrtfe raortar, that it may foon grow 
hard ; when this is done all round, and the work fet- 
tled, the reft is built in the ufual manner. 

Thefe kind of foundations, are very connnipn in 
Flanders^ and Mr. Vauban^ was very nnuch puzzled 
at firft how to proceed, till fome workmen of the 
country, which had been ufed to them, put him in a 
method of it : I have feen the fame at houay^ where 
they dug a trench of about 40 yards, aqd three feet 
deep ; and as faft as it was opened the mafons worked 
at the foundation, which was railed fix feet high; 
though the next day half of it was under water, yet 
the wp.rk flood as well as if it had been built upon a 
folid foundation. 

As the different fituations and foils require different 
precautions, it is impoffible to give particular methods 
for every one; the mofl fccure and probable, by which 
an engineer may fucceed, is, to confult the workmeiii 
who either live upon the fpot, or near it, and who 
have been employed in fuch foundations ; for they ge- 
nerally know befl, what method will mofl likely fuc- 
ceed ; by confuking feveral upon the fame fobjeft, if 
they differ in their opinion, which is often the cafe ; 
it is the engineers bufinefs to judge what is befl to bfc* 
done, and from his own experience, joined to that of 
the workmen, deduce the method, by which he is to 
carry on his work : But, notwithttanding all human 
precautions that can be taken, yet accidents will happen^ 
whi(ph are to be repaired as foon as poffible, and where- 
by the engineer will learn how to avoid th6m after- 
wards, in the ren^ainderof his works. 

We have endeavoured to give here rnofl of the feve- 
ral cafes, which commonly happen, in all foundations 
majde upon the land ; and Which, if fludicd with 
care, I dp not doubt, but an engineer with a moderate 
fliare of praiflice and knowledge, will be enabled to 
perform fuch works : But the manner of laying the 
foundations in water for bridce^ fluices, moles, and 

^ler? 







k.. ..-i. 



■■■^^^iiiWB^HBB 



Sca.y. FORTIFICATION. 165^ 

piers for harbours, will be treated of feparately in the 
latter part of this work. 

« 

flow to carry on the Works of a FORTRESS. 

The firft thing to be done, is to know what part of 
a fortification is to bp built firft : Some engineers be. 
gin with the covert-way, and fecure it with pallifades, 
in order, they fay, to prevent the enemy from difturb- 
ing them in carrying on the works : This reafon may 
do in time of a war, and in a place where the enemy can 
come at j but in a time of peace, it is entirely ground- 
]efs, becaufe it is a difficult matter to know exactly 
how much earth is required to make the rampart of the 
body of the place, and thofe of the outworks ; and 
therefore by leaving cither too much, or too little, the 
carrying it afterwards to their proper places cauies a 
^reat deal of fuperfluous expehpes, entirely owing to 
the want of fkill in the engineer. 

Others chufe to begin with the flanks, and then go 
en with the faces of the baftions, that in cafe an enemy 
Should endeavour to difturb them, they might keep 
^im pflF by means of the guns placed therein : This 
may do very well when the foundation is good, but 
would by no means be proper, where they are bad, 
for the feafons given before ; becaufe if one part fhould 
be built before the whole foundation is laid, it would 
be fettled before the next is finifhed, by which the laft 
would break off from the former by its fettling : This 
will even happen, when the foundations are good; 
it is certain, that when the foundations are once laid all 
round, of about fix feet high, and well fettled ; then 
the reft of the wall of the baftions may be finifhed firft ; 
and forafmuch, that when they are full, reouire a 

Seat quantity of earth, which is eafily carried tnrough 
c curtains ; whereas the earth for the ramparts of the 
curtains cannot fo well be carried through a paffige in 
$hc baftipn | but^ however, every engineer may have 

his 
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his particular reafbns, for begioning the works fooner 
one way than another. 

When the foundations of the body of the place arc 
laidy the firft thing to be done is, the openings for the 
common fhores In proper places, to carry off the filth 
and rain water of the (treets ; and it mud be particu- 
larly obferved to give them a proper defcent, from the 
center of the place towards the ditch, that the water 
may carry off the mud, othenyife they nyill foon choak 
up, and require continual cleaning *, and they fhould 
always be carried either under or near the places where 
the bog-hou&s are to be made, that the water may 
carry o^ the filth, and prevent their {linking in warm 
weather, and to be nautepus to the inhabitants. 

If there are any powder-magazines to be made in 
the baftions^ or any other building, fuch as an hofpital 
for the fick and wounded in time of a fiege, or ftore- 
hpufes to « kxlgjc ammunitions in, they muft be built 
at the fame time as the baftions ; in order that there 
may be no ufelefs rcmovings or diggings of earth, 
which would create fuperflupus expences. If there are 
galleries for mines to be made in any of the works, 
they ihould be begun at the fame time : In general, 
all under- ground works fhould be firft confidered, and 
begun as loon as thp foui^datiQn of the walls ard laid ': 
For which reafon, not only the plan and jprofils of a 
forcrefs fhould be made ^ firft, but likewiie, drawings 
of the moft minute parts of all the neceffary buildings, 
:which depend on the fortrefs, with their dimenfions 
inarked upon them, and exprefled in the eftimate. . 
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SECT.. VIII. 

Method to be ohferved in making 

Masonry. 

T T Aving f^ntred into all the moft neceflaiy particu- 
i X l^rs of rhe materials ufed in the building of a 
mrtrefs, we (hall now fhew how they are to be applied 
in the beft manner ^ and as ftone'mafonry is by much 
the greateft part, we ihall b^in with that firft» and 
then proceed with the reft, each in their order. 

As maibnry made of hewn ftones is certainly the 
beft, but at the fame time fo expenfive, that few 
works are hardly ever wholly built with them; for 
which reafpn, engineers content themfelves to make 
the lower part of the wall of them, for about 8, lo or 
12 fe^t high, as likewife the failant angles quite up 
tp the top : and the hardeft Ibrt are chiefly ufed at the 
angles, and in thpfe ph^ces where a ftrong current, or 
the Tea can beat againft them : For if the ftones are not 
very hard, the water ftriking with a great velocity, in 
an oblique dircdion, wears them prefently out; as 
may be feen at Pgrtfmcuth. 

Mafons diftinguifh their hewn ftones by two names, 
viz. ftretchers and headers ; that is, fuppofe a ftone 
to be twice as long as it is broad, then if it be laid io 
as the length goes into the wall, it is called a ftretcher, 
but if the length appears on the furface of the wall, it 
is called a header. Thefe ftones are laid alternately, 
a header, then a ftrctcher, through the whole length of 
the wall \ and at the angles, that which is a header 
one way is a ftretcher another. ^ 

The engineer or his overfcers, 6ught to be very di- 
ligent, to fee that thefe ftones are well iquared, and 
when they lay them, that they bed well, that is, that 
4 they 
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they lay quite flat on each other j for the mafons often 
are very carelefs in their work, either for the fake of 
fpeed, or out of meer idlenefs ; and when the ftones 
are laid, and bed not well, they put wooden wedges 
under the corners, to fave the trouble of removing and 
fquaring them a-new •, which fhould be prevented as 
much as poflible -, otherwife a wall can never be ftrong, 
and firm, and therefore has not a proper ftrength to 
rcfift the preffure of earth which is againft it. 

The ancients were fo very nice in all their publick 
buildings, that no joint fcarcely ever appeared \ which 
they did by rubbing the joining furfaces againft each 
other, and laid the ftones without mortar, leaving th(i 
outward furface rough, till the ftones were all laid, 
and then made it fmooth : But this precaution is never 
taken now-a-days, for which reafon, no modern build- 
ing comes up to thofe built by the ancients, either for 
beauty or ftrength: For you may fee in the fincfl 
buildings in England^ the joints in columns or pilafter, 
half an inch wide, filled with very bad mCrtar, which 
by the weather has been wore out in a (hort time, to 
the great ihame of the modern architefts. 

The beft ftones being ufed in the facing, the reft is 
made with fmall ftones, called rubble ; but care muft 
be taken,, that this ruble work is well performed, ia 
making the workmen choofe thofe which lay clofe tq 
each other, and that they fill up every part as well as 
they can, and not by a quantity of bad mortar, as they 
certainly will, if not prevented. 

Ifthewallsare to bebuilt in water, the ftones muft 
be laid with terrafs piortar, thofe parts which are fome- 
times dry and fometimes wet may only be laid in tile 
or cinder mortar : when we fay that ftones are to be 
laid in terrafs mortar, it is meant only round the facings,' 
and the reft is filled up with good common mortar ; be- 
caufe terrafs is very dear, as little is ufed as can be ; I 
would advife the engineer, to lay all the facings with 
pndtt or tile mortar, if he intends to make ftrong 

work. 
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work. For the mortar commonly ufed in facing the 
works, is generally fo bad, that it requires to be%ew 
done in very few years ; which is not only expenlive 
but likewife troublefome. . 

The bricklayers and mafons content themlelves with 
making the facing look well ; for which reafbn, when 
they build by contradt they make ufe. of mortar, with 
very little lime in it, that is, no more than to keep the 
fand together ; and when the wall is run up, they fcrape 
a little out of the joints, which they point with a bet- 
ter fort ; fo that the wall looks as well as if it had been 
built in the belt manner. The only reafon I can find, 
for their making worfe work here than any where elfe, 
is, that moil people in and about London build upon 
leafes, fo that they contraft with the bricklayer to do 
the work, never troubling themfelves whether it is 
well made or not ; thinking if it but lafts their time it is 
fufficient. 

This is what the workmen are fo ufed to, that when 
they are employed, by the publick, or government, it 
is with the greateft care and constantly looking after 
them, to make them do better work. 

The back part of walls, in ramparts and counter- 
fcarps, fhould be laid for the depth of ^bout two feet, 
in ftrong mortar, fo as to dry foon; and the earth 
fhould not be laid againft them before a twelvemonth ; 
for if the wall is not well dried beforehand, the con- 
tinual dampnefs of the earth will prevent it from dry- 
ing afterwards ; and this is often the cafe, that walls 
cannot refifl the prelTure of earth againfl them, which 
they othcrwife in all probability would have done, had 
the work been fet before the earth was laid againft: 
them. 

The manner of building arches, and other works un- 
der-ground, requires fome particular precautions, be- 
fides thofe mentioned already, which we fhall mention, 
when we come to treat of thefc kind of works. 

Mr. 
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Mr. Btkd^ fa]rs» that liard ftones fhould be laid ki 
fiifP mortar, and ibft ones in fofc mortar ; which &emd 
so me quite contrary to the natdre of the thing t be- 
caufe the pores of hard ftones being very {mall, and 
ctofet ^c mortar cannot enter into them without 
.being very Ibft and thin i on the contrary, foft ftones^ 
liave laiger pores, and are very fpongy, and therefoffe 
require a - greater fubftance to unite tfaem «, whereas 
thin mortar will foon be fiicked into the ftones, with- 
out being able to unite them. This rule is4>brerved 
by joiners, for when the wood is hanl, they make ufe 
of thin glue, and on the contrary, in d«] or other 
ibft wood they ufe that which is thick and ftrong. 

The manner of building with bricks is much the 
iame as that of building with ftone ; but it muft be 
obferved, chat as bricks cannot be cut to the Hope of 
the wall, and are always made Iquare ; the bricklayers 
make the joints at the flope fide bigger than within, in 
order to follow the propoi&d profil, which is a very bad 
pradice ; for the weather beats the mortar out of thefe 
wide joints, by which the wall requires to be new 
pointed every two or three ycsjrs ; we have inftances 
enough of this kind, not proper to be mentioned here. 

Another defcdl arifes from this pradice, which is 
that the courfes of the bricks length being at right 
angles to the flope, and the reft lie in a level, by which 
they make an angle, whereby the bricks can never bind 
fo ftrongly together, as if they were all laid in the 
fanTe plan ; whereas, if the outward flope be made one 
fixth part of its height, and the couries perpendicular 
to that flope, and to lie in the fame plan, the bricks 
will bind much better together, and make a ftronger 
work ; as likcwiie refifl: more the preflurc of the earth, 
as we have obferved before. 

I know that feme engineers, and moft workmen^ 
fay, that the courfes of (lone or brick fliould always 
be in a level, fo as to bed well, otherwilc, the wall 
will not fupport itfclf upright s but this is no more than a 

conceit 



SC&.S. FORTIFICATION. 175 

conceit of the workmen, trho will never go out of the 
old beaten road; for they do not confider that* the 
preflure of earth endeavours to throw diem forwards ; 
and therefore, by oppofing a greater force to this prcf- 
fure^ the walls mult laft the ionger; what they fay 
may do very well in civil ardiitefture, but by no means 
in the military way. 

An engineer fhcAld always confider, what method 
anfwersbeft the propofed dcfign, and never. follow the 
advice of others, unlcfs it is agreeable to fenfe and 
reafon ; for he that follows Mindly the pradice of thofe 
that went before him, will never become a good engi- 
neer : This may chiefly be the caufe of making fo few 
improvements in fortification ; for whoever reads au- 
thors that wrote upon the fubje6l: fome hundred years 
ago, will be furprized, to fee what few alterations 
have fince been made, and tl^e are, the moft part, 
for the worfe. 

. Another great dcfe6l in brick- work, is the large 
joints made with bad mortar; they arc commonly 
three quarters of an inch^ whereas, half that thicknefs 
is more than fufficient : A certain engineer piqued 
himfelf, to have all the courles exadly three inches ; 
and as the bricks are two inches and a quarter thick, 
the joints were three quarters ; but this ought not to fur- 
prize any body, confidering the humours of the per- 
fon, which are altogether extraordinary, as well as 
moil'bf his adlions. 

Sometimes bricks and ftones are ufed together, ef- 
pecially, in places where ftone is fcarce: This may 
be done to good purpofes ; for if the wall begins with 
ilone to about fix feet above ground, and then carried 
on as high with bricks, and over this, a bed of large 
ftones is laid, then bricks as before, and another bed 
of ftones ; it will make better work than bricks alone ; 
bccaufe ftone being heavier than bricks, they keep the 
work better together by their own weight. 

When 
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When large ftones are fcarce,. the facings of walls 
are made of bricks, and the reft with ruble ftones, but 
as it is hard to bind ftones and bricks together, the 
work becomes very bad, unlefs great care is taken, to 
intermix them in. a proper manner. The French engi- 
neers make the bricks go olF from the facing towards 
the back part of the wall, in an edge, or like an in- 
clined plan, and fill the reft with ftones ; this may be 
done in another way, by carrying here and thcr^ 
a courfe of bricks quite crofs the walU of three fecc 
broad, and two high, at proper diftances from each 
other, which will bind the wall pretty well together. 
In fhort, the engineer ought to judge from the mate- 
rials, and his own experience, what is beft to be done 
upon all occalions. 

S E C T. IX. 

CJ/"Cazemats and all forts of under-ground 

Works. 

1^ H E method of building the walls of under- 
ground works, requires much more precaution, 
than thofe that are above, not only becaufe they are to 
be bomb-proof, but likewife to keep out the damp or 
wet, that whatever may be depofited in them, as men, 
ammunition, and provilion in time of a fiege, may 
keep dry, and be prelcrved without any damage. 

In fmall fortreffes, there cannot be too many under- 
ground lodgments, becaufe nothing can be fecure 
othcrwife ; fince the (hots and fliells can reach every 
part of the place, and dcftroy it : Therefore there (hould 
not only be a fufficicnt number of magazines that are 
neceffary to lodge ftores and ammunition, but likewife 
hofpitals for the fick and wounded, and places to reft 
the fatigued foldicrs, in a fecure manner. Whereas, 

in 
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in Ikrge places, there is always fome part or other 
which are fecure from fhells or (hot, which may fijrve 
to Ipcjige every thing that is not immediately wanteds 

But before we enter into the particulars of their con- 
Itru6tions and fituations ; it is neceflary to explain the 
mtoner of building them. 

As we have but few works of this kind here, and 
moft of them were built by fuch engineers as were not 
fkilled in them ; we (hall infert the method purfued by- 
the Frencby given by Mr. Belidor in his Science des en- 
gineers J as knowing that he had it from the moft know- 
ing and experienced engineers of France. 

We fuppofe, fays he, that the ma(bnry has been 
built with all pofTible precautions, that is, the ftone or 
bricks to have be<en laid in mortar made of the be(t 
lime to be had, mixt with tile or cinder duft, and left 
to dry a fufficient fpace of time before it is covered 
with a particular kind of cement, made according to 
.the following manner. 

This cement is generally made of tourneys cinders^' 
which IS nothing elfe but the cinders, that are found 
in lime kilns, where they ufe coals, mixt with the 
imall particles of lime ftone : this is beat and prepared 
every four or five days, for the fpace of fix weeks ; 
obferving to put only a fmall quantity of water to ic 
the firft time^ and none afterwards ^ or this cement is 
made with mixing one third of unQaked lime, the 
beft that can be had, with two thirds of terrafs, or in- 
(lead of terrafs, two thirds of pozolano, or elfe old 
tiles well burnt, reduced into du^, and pa(red through 
a ficve : but whether the one or the other of thcfe ce- 
ments be ufed, the parts muft be well reduced into 
duft feparately, witlf a hand mill, and afterwards the 
two materials well beat and mixed together, and to re- 
peat this fcveral times without any water, excepting at 
firft. 

Before the cement is applied to the vaults, it is nc* 
ceflkry that the mafonry be well finiflied, and had a 

N fufficient 



iy9 



9tL ACr tC AV Ptotltt 



(Wferieht tiriie to dry, which is redkoned to be about 
fix months } dieA the joii^ts muft be well cleaned with 
a fmall iron hook, after that the duft and dii^t being 
fifept o# very clean, fomc water is (prinkled over it 
With a water-pot ; then the cement is kid over it, be* 
ing well worked immediately befote, of about an inch 
and a half thick every where, and as even as can be ; 
which is beat all manner of ways with a wooden battle, 
of two inches broad only, in onJer to prefs^ the cement- 
better iilto the joints ; after that, it is made quite 
fmooth wi^h a flat iron, fuch ^ are ufed for ironing; 
linen, till it begins to be hard ; and for fome time ity 
inuft be rubbed over with a mop dipt into cement 
iSWde- very thin, once- every day, and then paflcd im- 
xnediat^Iy over it with the aforefaid iron, to make it 
fmooth ;- and when ' this is done, it is- covered with 
draw, to prevent the heat from cracking it ; this 
T^rtt: i^ ^continued till fuch tinie that no cracks appear 
in it : after that it is waftied over for five or fix days- 
36' before, without polifhing or coverings. 

In applying 'the cement, care muft be taken, above 
rfl things, to make it fmooth and even, and to termi- 
nate the upper part in an angle like a roof; and fo at 
T)X> ftorte appears through the cement. This being 
done, the cement is covered with a bed of gravel or 
coarfe fand of four or five inches thick, laid every 
^here very fmooth and even ; znd upon this bed of 
gravel is laid another of earth of about a foot and a 
half thick, well beat and rammed down-, and theft j 

more earth is put upon it, and beat down ; this is con- | 

tinued quite up to the furface of the ground : Mr. ijf- I 

Hdor fays, that the vaults in the lower-baftions of Nw 
Brifac were built in this manner. 

1 fhould think, that if a bed of well prepared clay 
of about fix inches deep, was kiid over that of- the 2:ra- 
vel, and over that one of earth, it would much better 
prevent the water to penetrate to the cement, .*han 
earth only -, as to the gravel, its ufe is to fuck in the 

danp* 
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dapipners of the ground above . it, and to k^ep the 
moifture from the cement. 

Mr. jSriiu/^propoics another method, which, he fays, 
has been ufed in the building of a famous orangery at 
VirfailUs^ with i^eatfuccefs, and which is as fojlows* 

As foOn as the vault was made, it was well cleaned, 
and a bed of ruble (tone laid over it, of 18 inches^ 
thick, without any mortar, only dull of lime thrown^ 
between the joints; upon which was laid a bed of the 
iame duft four inches thick ; and, then a bed of pebble 
(tone, and then another of flat (tone of a foot deep { 
which Was covered with another bed of lime duft of 
four inches thick : this, he fays,, was continued to the 
very top, and even with the level of the terrafs above 
it : This vault has ftood hitherto the weather, without 
the leaft change or alteration. 

The fame author (ays, that fometimes', a bed of clay 
a*foot thick has been laid over the flrfl: bed of (tone,' 
and one of mortar three or four inches thick over the laft, 
and then the <!krth. To fecure the piers of under- 
ground vaults againfl: the water filtering through the 
earth, a wall drdry (tone is made againft them on the 
outiade, of two feet thick, without mortar, the joints 
being filled with gravel or coarfe fand ; and the wall' 
is continued to within two feet of the roof of the vault ; 
the reft being finifhed with good maibnry, and cover-^ 
ed with the bed of cement, which lays on the vault, 
and is extended over the wall : this precaution will 
iecur^ the piers from all dampnefs ; but it ought to be 
obierved, that this dry wall (hould be two feet lower 
than the foundation of the vault, in order to make a* 
gutter for carrying the water into the ditch. 
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rtzontal courfes, as high as the fpiingof the arah ; and 
the archiclelf, perpendicular to the (lope, in the manner 
reprefented by the third figure : there are two folding 
(ioors, one at the entrance, and the other at the -going 
but, that they may leave a free pafiage for ^uob and 
other warlike engines, and fometimes ieveral of thefe 
doors are made, in order to defend the paflage ; for 
^Kich purpofe, wickets and loop-holes are made in | 
them, to retire through and defend them one after 
another. 

The walls are about two feet and a half near the 
foundation, with a flope on the outfide, ib as to be 
two feet only near the . fpring of the arch, and the arch 
itfclf is but two feet without any counterforts ; becaufe 
the weight of the arch is fufEcient to counterbalance 
the preflTure of the earth. The magazines on both 
fkles^of this paflfage, are 14 feet fquare, and the walls 
are half a foot ftronger than the others. The top of 
the arches of both the pafllage and the magazines, are co- 
vered with a cruft of cement, and above this with dry 
(tones, as well as the fide-walls, in the fame manner as 
has been mentioned before. 
• In fortreffes where a river pafles through the ditch, 
. Tuch a paflage as the lafl: is made to water the horfes} ^ 
which are fometimes walled up in time of peace, and 
at others left open, with a ftrong gate to lock them up 
at night ; but as they are the fame as the former, we 
ftall fay no more about them. As to the foundations 
and many other particulars relating to thefc paflages, 
we ihill leave them to the judgment of the engineer, 
who is to confider well beforehand all the convenien^ics, 
and every minute circumftance, before he begins thq 
work. 

It is cuftomary to build hofpitals for the fick and 
wounded, under the level ground of the baftions, as 
likcw^fe powder-magazines, ftore-houfcs, and ovens 
to bake the bread ; thefe buildings confift of* a long 
paflage from the center of the gorge towards the favl* 

ant 
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HOC angle, with as maoy rooms . on both fides as are 
thought nec<(Siry ; fomc of them hitve chimnies, and 
others air rboks. coming out tvichin the baftion; thefe 
buildings are eipecially made when there is a cavalier ia 
the baftion ; b^ufe they need not then be funk under 
the tevei» there being always a fufficient quantity of 
earth above ti^em, to refift the force of the iheik. 
Thefe works are built in the fame manner^ aad with 
the lame precaudons, as the former* 

S E C T. XL 
C?^Casemats m the Ravelin, 

AS we efteem the ravelins to be the moft cflcntial of 
all the outworks of a fortrefs, fo we think that 
nothing contributes fo much to a long and flout de* 
fence, as the making them capable of all the refiftance 
that is pollible : For a town defended as it ought to 
be, can never be taken, till fuch time the enenry is 
mafter of the ravelin in the front attacked. Coekom 
and ibme others, have made their ravelins with cafe« 
mated flanks, but for what reafon is unknown to me; 
though feveral pretended engineers look upon them as 
coafiderabie works : It is therefore worth our while to 
examine their ufe and perfedtion, in order that young 
engineers may not be mifled by the erroneous opinions 
of their fupcriors. 

As thefe flanks cannot defend the ravelin, in which 
they are, their intent muft neceflarily be to defend 
ibme other work : which can only be the breach in 
the faces of the baflions oppofite to them ; the pafTage 
of the great ditch, or the covert-way : But as the ra- 
velin in the front attacked, is either taken, or its defence 
deftroyed by (hells, and the ricochet batteries j before 
thefe works are or ought to be attacked, it is evident, 
that thefe flanks in the front attacked, can be of no 

N 4 uf 
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ufeacall. Neither can thofe of the ravelins in the 
fronts, adjacent to that attacked, be of any ufe, fince 
but a few of the guns placed* there will bear upon the 
the attack j and the be/iegers have always ricochet bat- 
teries to deftroy the defences of thefe works, which fee 
the attack, as may be feen in the fixth plate of our 
attack; befides, the fame batteries which batter the 
breach in the baftions, will fee obliquely thefe Ranks ; 
or the moft trouble thefe flanks can caufe, is to oblige 
the bcfiegers to raifc two batteries of four guns eachy 
in order to deftroy them. I leave it therefore to the 
judgment of the reader, whether it is worth while to 
make thefe expenfive works, for fo little a purpofe, or 
whether fome others might not be made of a much 
better defence, and of no more expence than thefe. 

Notwithftanding chat the ravelin in the front at^ 
tacked at Bsrgen- op-zoom^ had cafemated flanks, yet 
the French took' both baftions^ and ravelin at the fame 
time, without given the befieged time to fire a gun 
frpm them : this was not fo much owing to the bad 
conftru£tion of the works, as to the unfkilfulnefs of the 
cfefenders, or to fomcching elfe not proper to be made 
public. 

Plate X. The bcft way to fccure the ravelins, when 
the ditches are dry^ in my opinion* is to make redoubts 
in them, with a parapet of about x 2 or 15 feet thick 
only, and about two teet lower than that of the ravelin ^ 
that thicknefs is fufficient, fmce it can only be feen 
from the rampart of the ravelin : and if the counter- 
fcarp be caiemated in the manner marked with dotted 
lines in the plan. Fig. 1 \ and as the plan of the work& 
fhews in che fecond figure ; it appears to. me a difhcuk 
matter for an enemy to get pofTefTjon of it. 

That there may be a fecure communication from the 
works in the redoubt to thofc in the ravejin, and 
from thence to the covert- way ^ travcrfcs. axe made in 
the ditches, marked L, L, in figure, i. or. /, l^ itk 
tbcfctlion, fig. 3 : Thcfc c::rv:n::ts havctvvQei}twices% 

marked 
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nuurked £, E, in fig. 2 » from the ditch or the capo^ 
nier ufually made. from the oppofite curtain to the 
gorge of the ravelin ; as well as two ftairrcafes, marked 
Dy D, in the fame figure, to mount into the redoubt, 
as iikewife two more in the level ground of the ravelin, 
not marked here ; fo that if the enemy gets poffeflioo 
of one fide of the ravelin, the garriion may fally out 
through the other; or when the redoubt is loft as well 
as. the under-ground v^ork on one fide, they may re- 
tire through the other. 

As the befiegers can no other ways get pofleflkSb 
pf thele works, than by mines ; openings muft be left 
in the great gallery A, A, at proper diftances, for 
counter mines to be carried on all the way under the 
ramparts, and behind the parapets, to refill the ene* 
mies miners ; as Hkewife to oppofe every attempt they 
can make, both above and under-ground, in fuch a 
manner, as to make it equally hazardous wherever they 
may choofe to aflail the work.* 

The openings of thefe galleries into the ditches of 
the ravelin and redoubt muft be well fecured with 
ftrong doors, full of iron, and behind thefe others'* 
with wickets and loop-holes, to retire behind, and to 
defend the entrance that way, in cafe the enemy (hould 
attempt it *, as probably he would if they were not 
well fecured. 

' The walls of thefe under-ground works need only 
be about two feet thick near the foundation, with a 
flope on the outfide, fo as to become a foot and a half 
near the fpring of the arches i this will be fufficient, 
becauiie the arches will fecure them againft the prefliire 
of the earth. The piers which feparate the lodgments 
B, are not.fo much made to ftrengthen the wall, as to 
prevent the arches from being too high, which may be 
elliptical or parts of circles. Thefe lodgments are $0 
itiit: wide, that is; as much as the great gallery is 
bfosid, in ord(U' (h;it. the arches may join well i and 
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the bafe of the piers are 8 fdet long; 6> that the wbok 
Weadlh of the great gallery and the lodgment toge* 
tfaer is 1.8 feet. 

The bottom of tfaisgallay muft be about iS jncbes 
^bove the bottom of the ditch, in order to fecure it 
from dampnefs, and the piers are 7 fiset high, widi 
loop-holes between- thtfm, which look into the diocfai 
to giire air to the lodgments : as to the reft, the plans 
tad fedion fufficiently (hew our meaning, wtthont 
being nece&ry to enter into any farther explanation : 
The only thing to be farther obferved, is, chat the 
trches at the entrance £, and over the flair- cafes D, 
muft be made conical ; as to the others, the jpeader 
Snay eafily perceive how they ought- to join. 

Mr. Coebom made fuch galleries all round his com- 
terftarp at Bergm-cp-zoomy with loop-holes to fire into 
the ditch, and 4U the reentrmg angles of the places of 
^rms, lodgments nearly fuch as are marked heit| 
which he called Tambours : and to fecure the entrance 
above ground, he made a traverfe on -each fide of .the 
ftaips, as likewife placed a row of palifades. As thefe 
lodgments made the beft defence of all his works, in 
^e laft fiege ; it is plain that they are very advanta- 
geous in a fbrtrefs ; but as to the gallery round the 
Mumerfcarp, it was of no oth^r ufe than, to lodge tbe 
troops fccurcly from danger, and to carry from tbenoe 
galleries for mines under the covert*way and glacis. 
For which reafon, I wouU either choofe to make none, 
or one of about 6.or 8 feet wide, which would fuffici* 
cntly anfwer the intent propoled } and befides, would 
eoft very little more than a fingle wall with counter- 
forts : there might be ibme wooden doors placed at 
j^oper d)^nces^ with loop-holes, fo that if one part 
was t^en by the enemy, the defenders may retire fe^ 
purely into the others. 

As to the cafetnais under the places of arms, they 

Dughc by no nociuis be negle^ed^ and to fecure thoir 

' eni ranee above, there fhould fmall redoubts be made 

of 
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of 12 or isfcetptraiRt, tndadry dkch foefons .theoii 
Iqr this uieaDs tw places of arms may Jkcsp offan ene^ 
my a long whik, and .make them pay dear if they 
take it ^ as k hMjopcBsd to the Ffsemb^t Bergn-^-ZMm. 
Ic;may be obkrmd in .general, that a fortrefs with* 
Qpc under-ground vorks, can make but a fmall de» 
fence now^^a day, againft the gpxiat quantiiT/ ofrjartilloy 
With which armi^ are fumiflicd .at jpnfent i for the 
defences above gmund are fix>n deftroyjcd thereby : 
therefore an engineer who undertakes to fortify a place, 
muft make ufc of all his ikill and knowledge* to con- 
ftruA fuch under^ground works, as are heft adapted 
m the nature of the fituation ; and to he as fitving as 
poffible, becaufe theie kiAd of works are oatucally vciy 
expenfive. 
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tyCAfiEMATED FlANK«* 

Plate XL TV yl" E S S, Coeborn and Vauhan^ were very 
J[^/JL fond ofcaf<;mated flanks, the former 
made fome in the ravelins at Bergen-op-zoom^ and the 
latter in his tower baftions at New Brijack \ they have 
been in great eftccm formerly by moft engineers, and 
a fortrefs without them was not thought to be of any 
ftrength ; but now-a-days they are generally rejeflxd, 
becaufe experience has Ihewn, that the fmoak becomes 
foon fb troublefome as nobody can bear it, notwith* 
ftanding ail the chimnies and air-holes that can be made 
to prevent it. 

As the only objection againft thefe cafemated flanks, 
is their fmoaking, engineers have endeavoured to find 
fome remedy or other for it : but that propofcd by 
Mr. Belidor^ fccms, in my opinion, to be the beft, and 
ts what has been praftifed in feveral places, as I am 
told, and have fccnmy fclf at Portfmoutb^ near the fea ; 

which 
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SECT. XDL 

O^CAFQNrSKS. 

ACIAl'OWrFR IS MilKng clfe bur a p«fl%e 
made in a dry dirclv from ^ne work to anotiber ; 
#feenetfccy are made from the curtain of Ac body of 
die pfecc to the oppofite ravelin, or from the front of 
a^horn or cTOwn'-work', they have a parapet on each 
ISfc-of fevcn feet high, Doping in a glacis on the out- 
iide to the bottom of the ditch; the width withiA is 
from 15 to 18 feet^ with a banket on each fide: 
there is a brick wail to fupport the earth within, of 1 
brick' and half above, with a flopc of a fifth part of 
Ae height ; this wall reaches only within a foot and a 
Balfto the top 5 to prevent? gnr&ng (hot, from driving 
the fplinters amongft the defenders. Thefe caponiers 
with two parapets may properly be called dpuble ; for 
riicre are fome* made with one parapet only, in dry 
ditches- of the ravelin, and in that or its rcdoiibt, to- 
wards the failant angles, and open towards the body 
ef the place ; it i^ true, that thefe fingle ones are alfo 
called traverfes, but differ from the traverfes in the 
eovert-way, by their tops flopirg in a glacis to the bot- 
torti of the ditch, whereas the others are made in the 
fcrm of all other parapets. 

Caponiers made from the body of the place to the 
outworks, are fometimcs arched over, with loop-holes 
-to fire into the ditch ; they have likewife doors on both 
,fides for a communication from them into the ditch \ 
becaufe the bcliegers never fail to deftroy them by fhoc 
and (hells, to render the paflage more dangerous. The 
fingle ones in the ditch of the ravelin and redoubt, 
are likewife made with arches open towards the place, 
fuch as w^ have fpoken of here before ; by ^ making 
theoi in this manner, the guns which defend the ditch 

before 
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befbce them can no other wafs be difcnoufitcd tbin bf 
mmsBf and when the^ are io low as that na mines caa 
be^madc under them^^ the enemies ptfise overtb^ 
ditches becomes very dangerous. 

To make the paffiiges or communications from one 
work to another, fo as not to be interrupted in time 
of 4 liege, or dcitroyed, is the moft difficult psfft of 
fortification ; for when the retreat out of a work is cut 
oflTor made dangerous, the troops in them^ neither will 
nor can defend them vnth fo much courage and bravery 
as they would do otherwife'; and this is the reafon that 
an enemy always endeavours to deftroy them} and 
Aottld likewife engage engineers to prevent it. 

SECT. XIV. 
0/* Town-gates «»/ Guard-houses* 

THESE gates are made various wa^rs, fometimes 
there is only an open paflage cut in the rampart^ 
ihut up by a ftrong wooden gate, or with a draw* 
brMge ; and at others, this paflage is arched all over,, 
with a guard-fioufe within, and a draw-bridge, and a 
gate on the outfide ; the outfide front is generally or« 
namented with pilafters and a pediment -, the decoration 
chiefly depends on the tafte die engineer has in archi- 
tefture. 

As we have no author that has wrote on military ar- 
chitcfture, nor any of our fortrcfles, that I have fcen, 
has any works of this kind worth mentioning) I was 
obliged to have rccourfe to Mr. Belidot^s Science des 
Jfigenieurs^ which is the only work that treats of thcfc 
things, in the modern tafte ; for what is to be found 
in DilicbiuSy Spekel, and other old German authors, is 
of fo grotcfque a tafte, as fcarcely "would be followed 
now-a-days. But as the French are fo magnificent in 
their military buildings, and che defigns of this author 

2 * arc 



iqt .PRACTICAL . Part HI. 

arc /ch1c%. adapted to large fbitreflbs, which are not 
in ufe, t'nor necefi&ry in this country ; we have endea* 
y^QUrcd'to make ours in fuch a manner aswill moft 
probably be of ufc to our engineers, 
t Plate XL 'Our firft dcfign in this pkte k quite 
plain ; ;tlie. widcb «f tte paiSi^ is ten ieet» and arched 
'above i at the entrance within is a guard-room for the 
ibldicr^ on one fide, and one for the officers on the 
Qthei!;.each of thefe rooms is twelve feet Iquare, ha- 
ving a !window in the front, two feet, and a half from 
the ground, three feet wide, and fix Irigh ;,for it is a 
gener^l.cuftomintiil jiniiidings to make the windows 
on the ground fiocp'^Cwke as high as they are broad ; 
the cheminies are* four feet wide, and a foot deep, 
half of which is taken out of the thicknefs of the wall, 
and the other projedsjnto the room,, and is fupportcd 
by piers of a foot thick : the doors are three feet wide 
and feyen high. » ' 

The walls oif the paffage which fupport the arch, ' are 
eight, feet high, three feet thick .near the fomidation, 
with a (lope on the outfide, fo as to be two . feet and a 
half at the fpring of the arch, which is alfo the thick- 
nefs of the arch itfelf ; the walls of the guard-room are 
two feet thick' only, and the "height of the elevation 
from the bottom to the roof is fifteen feet. 

I have made no counterforts to thefe walls, becaufe 
the preflure of the earth, together with the ftrcngth of 
tile wall, will be fufficient to refift the preflure of the 
arch. This arch, as well as all thofc mentioned here- 
after, muft be covered with a bed of cement and dry 
ftones over them, as has been mentioned before, where 
we have treated of this fubjedt. 

The outfide of this paflage, that is next to the ditch, 
is fhut by a firong wooden gate covered with iron bars 
and rails, fo as not to be cut open by any tools ; and 
if it be thought neceflafy, a draw-bridge may be made; 
but as this gate is dcfigned for a fmall fort only, there 
i$ no occafion of making any ornaments that require 
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much expences j for which realbn, a plain wall with a 
pediment will be fufficient. 

Plate XIL As the outfides of gates are made va- 
rious waysj arid thofe in ravelins, horn or crown-works, 
are different from thofe of the body of the' place, be- 
caufe the paflages are not arched, but always left open 
above ; we have given here three different forts -, the 
firft is quite plain, and may ferve for any outwork : 
it is compofed of two piers of 24 feet high and 7 
broad^ with a bafe of two feet high, having a cornifh 
and round balls above ; the opening in this and the two 
following ones, is lo feet: The firft figure reprefents 
the elevation, and the fecond the ground plan, with 
the flopes and projedlions -, there is a draw-bridge to 
this gate, the fedion of which is reprcfented in the 
elevation. 

The third figure reprefents likewife the elevation of 
a gate in an outwork, made in a more expenfive man- 
ner than the former : For the two piers are of hewn 
ftones, ten feet broad, and 27 high ; each of them is 
ornamented with two pilafters, made according to the 
^ufcan order; that is, the height is fix times their 
breadth, the plinth or bafe is half the breadth high ; 
as is likewife the torus or moulding next to it, with 
the fillet: And if we fuppofc the breadth of the pi- 
lafter to be divided into 24 equal parts-, the aftragal 
and fillet is one and a half of thefe parts, the gorge 4, 
the next fillet one, the quart de rond 3, the abacus 3 ; 
and the laft fillet one ; the entablement is 30 of thele 
parts : The fourth figure reprefents the ground plan, 
with the flopes and projections. 

The third gate reprefented by the fifth figure, is 
defigned for the body of the place, when the paffage is 
arched: the width of the gate is 10 feet, the height 
from the bottom to the fpring of the arch is 8, but 
may be from 8 to 10 or 12 ; the diftance from one 
ivall to the other 14, and their height including the 
cornifh 30, and 12 broad; as to the pilafters, pedi- 
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ment and mouldings, they are the famt as befoi^ and 
the pediment is from one third to two ninth parts of 
its bafe high : The pediment ought to be ornamented 
cither with the king's arms, or with military enfigns, 
and above the gate under the arch, which joins the 
piers, the arms of the city, or elfe, of fome particular 
perfon of note, who has moftly contributed to the 
building of the place, 

Thefe are only a few fpecimens of gates, to give the 
young praftitioners an idea of thefe kinds of work ; 
the proportion of the parts may vary as well as the 
ornaments -, but when there are pilafters or columns, 
tljey muft be conftruded according to the dimenfions 
of the order, they are made of : We have made ufe of 
' the Tufcane order as being the moft fimpfe ; but a 
young engineer ought not to content himfelf with what 
has here been given, but apply himfelf to that part of 
architefture, which is moft ufeful ; and if he wants 
gates of a finer tafte, he may confult Mr. Belidor^s 
Science dcs Ingenieursy where he will find a great variety 
and well chofen examples* 

Gates of large fortrefTes, require more attention, 
than thole of fmall ones ; t^ey muft not only be fecu- 
red with draw-bridges, but with port-culilTes, harrows, 
cr organs. A port-culifs, is a wooden gate well co- 
vered with iron, with Iharp points, drawn up in day- 
time by pullies, and let down at night : A harrow is a 
gate made of timber, whofe dimenfions are commonly 
6 by 4 inches ; and 6 inches diftant from each other, 
well faftened to three or four crofs bars, and fecurec 
with iron : And an organ, is a wooden frame, witb 
double bars, through which the timbers Aide and fal 
down : the organ differs from the harrow in that tk; 
timbers are i%ot faftened together, and is often prefer 
led to the harrow on that account •, becaufc it is laic 
that if an enemy cuts one timber to pieces another mav 
immediately be let down, which cannot be done in th^ 
-harroifr. 
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The poit-culifs, harrow, and organ, ferve all for the 
fame purpofe ; that is, to ftop an enemy in cafe he has 
found means to let down the draw- bridge ; either the 
one or the other may be ufed as the engineers think 
proper, and fbmetimes two of them, that if one has 
been cut or burnt, the other may ferve to ftop the 
enemy. 

But to leave nothing which may give a clear idea to 
beginners, we ftiall give fome defigns of thefc gates 
when we come to treat of draw-bridges, barriers and 
other things of that kind. 

Plate XIIL As we have given one example only of 

a town-gate, which is very plain and fimple, we fhall 

prefent the reader with another, that may ferve for the 

body of the place, which, though plain, yet is, in my 

opinion, fufficiently ornamented ; it is compofed of an 

arched paflage and two piazzas at the entrance, for the 

conveniency of foot paffengers, to get by carriages 

that enter or go out -, at the left fide of the entrance is 

the guard-room for the foldiers, and at the right the 

room for the officers, and as this laft need not be fo 

large as the former, a prifon is made, fo as to make 

both fides of the paflage alike : above thefe rooms, and 

over the gate, are lodging-rooms, for the town major, 

and fome other officers. 

The paflage is ten feet wide, and the projeftibns to 
form the cavity for the porc-culifs, as well as thofe on 
both ends, are fix inches •, the rhickncfs of the walls or 
piers which fupport the arch is four feet near the 
foundation reduced to three above near the fpring of 
the arch, and are 8 feet 6 inches high, and the arch is 
:hrec feet thick. The length of this paflfage, and that 
)f the former depends on the thickneis of the ramparc, 
or which reafon, they are not determined ; the piaz- 
us at the entrance are 9 feet wide, and 1 2 deep ; the 
iers which fupport .the arches 5 feet each way 5 the 
uard-room for the foldiers is 20 feet Jong, and 14 
cep, with two windows of 2 and a half or 3 feet 
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widC) and as high again ; the chimney 4 or 5, and the 
door 3 by 7 : The officers room is 10 4: feet long, 
and 1 4 deep, and the prifon 8 by 1 4 ; the walls of 
^hefe rooms are 27 inches or three bricks thick •, the 
wall between the officers room and the prifon is a brick 
and a half only, and the chimneys 4 feet wide ; as to 
the windows and doors they are the fame as the others. 

Asthis building is too large to make it but one ftory 
high, it was for this reafon we contrived the above 
mentioned lodging rooms above it : the elevation here 
is that of the infide or entrance, in which we could not 
reprefent the chimneys for want of room in the plate : 
The fifth figure of the laft plate is the elevation of the 
outfide next to the ditcl> ; to this front is annexed ano- 
ther building, the Jower part of which ferves for the 
bafcul of the draw-bridge, and the upper, to receive 
the port-culifs : The feftion through the length of the 
paflage (hews partly the nature of the building, whofc 
breadth is equal to that of the pafiage and walls. 

As the infide and outfide buildings do not join above, 
there is a paflage left between them for a free commu- 
nication upon the rampart, froni one fide to the .other; 
that part of the arch is covered with a bed of cement, 
and dry ftones over it, with three feet of earth bcfides. 
In this feftion is alfo k^n the fide of the wooden frame 
a 3, called tafcul by the French^ which is fixed to the 
draw-bridge, by one end ^, with a chain at each fide, 
each pafllng over two pullies or rollers, turning upon 
an axis at the other end a^ and is a kind of counter- 
poife to the draw-bridge, to raife and let it down by ; 
the particulars of which (hall be explained hereafter, 
where we treat of draw-bridges. 

There are ftor\e fteps made at the fides of the infide 
building to mount upon the rampart, which are not 
marked here in the plan, but are neceflary, becaufe 
there is always a fentry placed there at night j be- 
fides, when there is an alarm, that the guard may 
mount quickly, and without any obltrudtiont 
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At the entrance of a fortrefs, and in the works 
that cover the gate, fuch as ravelins, horn or crown- 
works, are guard-rooms built, for the party without 
the inner gate, and which are (hut out at night by the 
draw-bridge in the curtain, of the body of the place : 
Thefe buildings confift of two rooms, one for the 
officer, and the other for private men, as the plan and 
elevation in this plate (hews. 

The officers room is 1 2 by 12 feet, and that of the 
private men iz by 15 ; and there is a piazza of four 
arches before it, of 6 feet broad, and as long as the 
building, for the fentry to walk under in hot and 
rainy weather ; the arches are fupported by five piers 
or pillars of about 15 inches fquare, and at 6 feet dif- 
tant from each other ; the wall is two feet thick, the 
windows 3 wide, and as high again ; the chimneys 
4 feet wide, and the doors 3 by 7 ; the elevation is 
about 16 feet high, including the parapet wall of the 
roof : The piazza may be made arched or flat roofed, 
according as it is thought proper by the engineer. 



SECT. XV. 

0/*Bridges. 

Plate XIV. rr\ H E next works in order are the 

j^ bridges of difierent kinds, fuch as 
draw-bridges, turning- bridges, ftone or wooden im- 
moveable bridges ; as the draw-bridges are immedi- 
ately joined, and make a part of the town-gates, we 
Ihall enter firft into their conftruAion. 

They are generally ten feet wide, and twelve long i 
and are compofed of the trunion-beam if, head-beam ^, 
and fix joifts C, covered with two inch planks, d: 
The trunion-beam is 12 inches broad, and 10 thick; 
the bead- beam 10 broad, and 8 thick, and the joifts 
are five by fix, tenanted into the trunion and head- 
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beam \ as thefe planks would (bon wear out bjr the 
cat riagcs that continually pafs over them, they arc co- 
vered with iron barrs of feven feet long, and about 
three inches broad, one over each joint, and one upoa 
the middle of the plank ; their number is generally 
2 2 ; each of thefe bars is fattened with four cramps, 
which are not reprefented here ; the joifts are Kkewife 
fattened underneath to the trunion and head-beams 
with iron plates each about 3 feet long : the trunions 
are about fix inches long, three in diameter ; fattened 
to the trunion-beam with two plates, one above and 
the other below ; bolted and rivetted together ; the 
rings or handles of the chains are joined to the head* 
beam much in thj fame manner as the trunions. 

Draw-bridges are drawn up and let down, by various 
contrivances 5 the moft common way is, by a wooden 
frame, fuch as is joined to the draw-bridge in the third 
f?gure J it may be obferved, that the fide beams G K, 
HN, go tapering from the trunions E, F, towards the 
ends K, N, in order to make the frame EG H F, nearly 
01 the fame weight as the d*aw-bridge: It turns round 
the trunions F., F, upon iron plates, and the frame GH, 
moves in a cellar under the gate-way, built for that 
purpofe ; there are two holes one on each fide, to 
thrutt two long poies through upon the ends G, H, to 
prefs them down, and raife the draw-bridge, as like- 
wile, two chains are fixed to thefe ends, pafling 
through the fame holes with a large ring at the end o? 
each, whereby the bafcul is drawn up, and the draw- 
bridge let down. This method can only be ufed when 
the ditch is dry 5 for when it is wet, the cellar is apt to 
lilt with water, notwithftanding all the care that can 
be taken in the building of it ; whereby the wood will 
rot in a /hort time, and the draw -bridge in danger of 
not being drav/n up when it is required; befides, the 
making this cellar in a proper manner, fo as to be 
water tight, will be very cxpcnfivc. 

Ana« 
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Another method of drawing up draw-bridges, and 
which is often pradlifed, is to make the bafcul feparate, 
^d not joined to the bridge -, liich as is reprefented by 
the fccond figure : This frame is fixed by the trunions 
at L, P, over the gate-way, and two chains fixed on 
the other ends M, O, go each over two pullies or ra- 
ther rollers, and are fattened with the other ends to the 
head B, D, of the draw-bridge B C, figure i -, fo that 
when the part M Q^, is drawn down by chains fattened • 
to them for that purpofc, the draw-bridge raises. 
This method has the advantage, that in cafe the enemy 
fliould find means to break the chains which fatten the 
draw-bridge to the frame ; and thereby make it fal} 
down ; the frame M P, will alfp fall down and ftop the 
pafiTage, and it will not be in his power to raife it : 
But in cafe any thing (hould happen to the chains, an 
opening W is left in the middle of the frame, to pafi 
through it, and this opening may be ihut up by a 
wicket, that is to be lockt upon occafion. We have fup- 
pofed this method to be ufed in the gate-way, repre- 
fented in the thirteenth plate, where the fide view of 
the beam P Q^ is fecn in the third figure, as well as 
one of the chains with its rollers. 

It iriuft be obferved, that the head MQ^of the 
frame muft be well loaded with timber, in order to bring 
the frame nearly in equilibrio with the draw-bridge ; 
which \s not fo eafily done as one might imagipe 1 
and experience has (hewn, that many engineers have 
ipifcarried in their defign : and when this does nqt 
Jiappen, the draw-bridge cannot be let down nor drawp 
up, without very great difficulty. 

The only way of doing this, is to have timbers or 
any other weights, fixed near the piece M Q^, fo as to 
flip oflfand on, and when both the bridge and frame 
afe fixed, to try how much weight will do. 

Plate XV. Another way of fixing draw-bridges, 

is, a bafcu) with wings, fucn as is reprefented by the 

fourth figure, which is fixed over the gate-way, up^n 
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the two trgnions E, F, and the chains are faftencd to 
the ends of the wings ; and two leffer ones to the ends 
A, C, of about eight feet long, with a ring of 8 or 
lo inches diameter, in order to draw down the hind 
part of the bafcul, and thereby raife the bridge -, and the 
bridge is let down, by raifing up the hind part A C 
to the height of 5 or 6 feet, and then with poles they 
pufli it up higher, whilft others get upon the bridge 
to bring it down by their own weight. 
. When the bridge is down, two bolts fixed to it are 
pufhed into two ftaples, drove into the fixed bridge ; 
^nd to guard the fides of the bridge, that nothing may 
fall over -, ther'e are two ftrong chains faftened with one 
end to the wall, and the other to the poft of the ioi- 
inoveable bridge, about four feet above the draw- 
bridge. 

It is eafily perceived, that the bafcul E C, muft be 
pf fuch a weight as that the bridge may be drawn up 
with a fmall force-, for which reafon, the frame is 
loaded with timber towards the hind part A C, in the 
inann^r reprefented here, in this figure ; and it hap- 
pens fometimes, that they are obliged to fallen (hells 
pr any other heavy weight at the ends A, C, to bring 
the weight of the bafpul nearly pcjual to that of the 
draw -bridge. 

This method of fixing draw-bridges has been in ufe 
!a long while, and has been praftifed more than any 
.other; but when it is ufcd in the draw-bridge of the 
body of the place; the cavities cut into the front of th^ 
building to receive the wings, disfigure the orna- 
pients of that front very much ; and another inconve- 
.niepcy it has, is, that every time the bridge is raifed, 
it requires a great force at firft to move it ; this motioa 
accelerates afterwards more and more, till at laft it be- 
comes fo great, that it (hakes the building very much. 

But when draw-bridgps are madp to the outworks, 
or fometimes on the middle of a fixed bridge, this 
method is always ufed ^ then the bafcul A D is fupport- 
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cd by a wooden frame, of about 12 feet high, upon 
which the trunions E, F, turn : It is true, that when 
the bridge is drawn up, the wings are upright, and 
exceed the height of the bridge, by about 12 feet, 
which the befiegers endeavour to break by firing at 
them, and if they accomplish their defign, the draw- 
bridge falls down, whereby the paflage is left open : 
But as no other method has yet been found, that an- 
fwers the purpofe better, this has been ufed to this 
day. 

Mr. Belidor has propofed a new method of moving 
draw-bridges, in his Science des Ingenieurs^ that feems 
to be preferable to any other hitherto known : which 
is, inftead of a bafcul, he fixes two cylindrical weights 
to the chains, which move in a curve on each fide of 
the paflage, in fuch a manner, that the motion of the 
bridge is always uniform, provided, thefe weights are 
properly adapted ; fo that without fpoiling the front of 
the building, or (baking it, two men may move it up 
and down with the greateft eafe, 

Thofe young engineers, who are defirous of know^ 
ing how this curve is conftrufted, and the weights arc 
applied, may confult that author. 

Of fixed or immoveable Bridges. 

Fixed or common bridges arc cither built with wood 
or ftone, and fometimcs with both ; they arc of various 
lengths, according as the ditch or river is lefs or more 
broad ; they differ likewife in their breadth ; for thofe 
built over the ditches of a fortrefs, arc feldom above 
14 feet broad, which is fufficient for two carriages to 
pafs in breaft, though they never allow above one at a 
time: but bridges built over large rivers, are from 
20 to 36 feet broad : That at Fulbam is 22 feet broad, 
and IFeftminfter bridge 44, including the foot pafl'ages, 
and parapet walls. 

When the bridge is to be built with ftone, and the 
ditch is dry 5 the manner of laying the foundations of 

the 
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the piers, is the fame as that of walls •, it rnqft only 
be obferved, that as the piers fupport a great weight, 
the bai^ of the foundation mull be made large ia 
proportion j and they are always piled, and have a 
wooden grate over them, unlefs the bottom be rocky, 
or otherwife very hard: But when the ditch is wet, 
two rows of dove-tail piles, or planks, are drove round 
the foundation, at about 6 feet diilance from it, and 
4j 5j or 6 feet from each other ; and the interval be- 
tween thefe two rows of piles, is rammed full of clay, 
fo as to keep the water out ; or elfe, two rows of 
common piles are drove as before, of 3, 4, or 5, dif- 
tant from each other, and to thefe piles are naile4 
boards at the infide, and then the intery^ is filled y/iil\ 
rammed clay as before. 

This being done, the water is pumped out, gncj 
the foundation funk, as before : This method wilj 
icrye in moft cafes, excepting in deep water, whe^Q 
the current is very great : As to the proportions of 
the piers, in regard to the width of the arches, and 
the length of the arch-ftones, they will be given in the 
latter ^nd of this work. 

If the bridge is made of wood, after the ditch has 
been funk to its proper depth, rows of piles are drove 
8-crofs the length of the bridge, at jo or 12 feet diftanc 
from Qf^e anothpr ; the length of theie row$ is equal to 
(he breath of the bridge ; and 4, 5, or 6, piles in each 
pf them ; when they are drove in as far as they will 

Plate XV ?^*' ^^^ upper part is made leyel, and 
* Hearing beams laid over them, into which 
they are tenanted ; over thefe the tie-beams are laic), 
and then the planks. The firft figure reprefents thp 
/elevation of fuch a bridge, the iecond the plan, and 
the third the feftion. 

The piles A, are a foot fquare, and the bearing 
beams B^ 14 inches broad, and 15 or 16 high, and 
the tie-beams C, 8 inches broad, and 1 2 high *, as to 
the binding joifts D, they are about 8 inches high 9 

and 
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6 broad ; the planks are 4 inches thick \ the ppfts £ 
about 4 by 6 inches, the top-rails 4, about the fame 
dimeniions ; the middle rails e^ and ftruts/, arc fome- 
what lefs than the former. 

The bearing-beams B, are ten feet from each other^ 
and fupported by five piles each, and often with more, 
that is, when the b^-nige is very high : Thefe piles ^ 
fhould open below, ^ is reprefented in the feftion, 
figure 3 •, but as it is eafier to drive them vertically, 
they are generally in that pofitionj but fmce Mr* 
Vaulvois^s new invented machine, they are as eafily drove 
pbliqely as upright ; we choofe this pofition, as mak- 
ing the bridge ftronger and firm : If the foundation is 
hard and ftony, the piles are fiiod with iron: Thp 
abuttments of all bridges are always, made of ftonc^ 
becaufe the firmnefs and flrength of the bridge depends 
very much therepn. 

When a bridge is tpade over a navigable river, thf 
piiddle opening between the piles is made wider than 
fhe reft, in order that boats and fmall crafi: may pais 
throygh \ an4 to prevent them from^ running foul on 
the piles, two or three planks are nailed on them, a 
jittle above the furface of the water. When the cur- 
rent is pre(ty rapid, it is necefifary to add breakers $ 
that is, two rows of piles are drove within five or fif: 
feet of each other, and two piles in the center line 
jbetween them, at about fix or eight feet dijdance fron^ 
the t^ridge, fo as to prefent a point on each fide; thefe 
piles are braced to the others with timbers of about 4 
{)y 5 inches, in two or three places; there arc alfo 
boards nai]^4 to them, in the fame manner as we have 
nientioned before. This is the way that Fulbam 
bridge was bui|t ; but thofe over the djtches of a for- 
trefs require no fuch precautions. 

As the piles of wooden bridges are liable to rot very 
ibon, in ditches which are lometimes wet, and at 
others dry ; the beft way to tnake the work durable, 
}s to lay a foundatiqn of mafonry under tl^pqi, ju bigli 
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as the. higheft water, upon which ftrong beams are 
laid, into which the piles are fixed with tenants •, this 
will make the bridge laft much longer, and thereby, 
the often repairing is avoided, which is not only ex- 
penfive, but likewife very inconvenient in the flopping 
the paflage out and in of the place. 

To prevent the carriages from deftroying the planks, 
fand and gravel is laid oyer them, of about a toot or 
more deep ; and very often they are paved, efpecially, 
thofe of fortified places 5 the gravel or pavement is 
imadc higher in the middle than at the ends, that the 
rain water may run off freely, and not rot the wood : 
This may be fcen in the third figure, as likewife in the 
fecond -, where one part reprefents the gravel or pave- 
ment, and the others, the planks and the binding 
joifts. . 

Some engineers drive the thickeft part of the piles 
foremoft, and on the contrary, others the fmallcft; 
the reafon the former give for their pradlice, is, they 
fay, that timber fhould be ufed in the pofition they 
grow, whereby they will laft longer; becaufe the 
fibres or grain of the wood being as it were adapted by 
nature to that pofition ; whereas the latter affirm, on 
the contrary, and I think, with good reafon, that be- 
ing placed fo, the wet will enter more eafily in thofe 
parts, where the branches have been cut off, and of 
confequcnce, the wood will fooner decay : but if they 
are in a contrary pofition, the water will run off, with- 
out being able to enter through the pores of the wood. 

As our defign is not to give a compleat treatife on 
bridges, * bgt only fo much as is neceflary for a young 
engineer to know, and what moft commonly happens in 
praftice j we fliall enter no farther into the manner of 
making all forts of wooden bridges, either with A 
fingle arch, or with a great many -, neither (hall we fay 
any thing of turning or flying bridges, as being uncom- 
inpn in this country ; we fiiall add only fomething re- 
lating to bridges of communication from one work to 

another j 
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another ; as relating more immediately to an engineers 
bufinefs. 

As the befiegers endeavour always to deftroy thefe 
bridges if poffible, either with fire, fhells, or (hot; 
in order to hinder the troops in the outworks from be- 
ing relieved or fuccoured by the garrifon, and to ob- 
ftruft their retiring, when hard prefled: To prevent 
this, thefe bridges are made as low as is poflible, thap 
is, they are made even with the furface of the water^ 
and fometimes a foot under it; and to fave ex* 
pcnces, piles are drove in the manner mentioned above, 
oppofite to each other, and covered with a tie-beam ; 
this is repeated at every ten or twelve feet diftance, 
quite crofs the ditch, like fo many trufles ; over which 
planks are laid, when there is occafion to pafs over, 
and not before; at all other times thefe planks are 
kept in ftore-houfes. 

When there is a fufficient depth of water, a good 
number of boats are alfo kept to pafs from the curtain 
to the ravelin, in cafe the bridges Ihould fail : thofe 
that go from the ravelins to a counterguard, lunet, 
tenaillon, or into the covert-way, are always placed 
near the extremity of the faces, where a part of the 
parapet is cut off, to pafs by, or elfe a pafTage is made 
through it for that purpofe. 



SECT. XVI. 
O/'Barriers, Gates, ^;/^ Portculisses. 

Plate XV, rip H E fifth figure in this plate repre- 

X ^^^^^ * barrier-gate, fuch as are made 
in the covert-way, at the entrance of a town, or in the 
paflages cut in the places of arms, through the glacis 5 
which is about 14 or 15 feet wide, and 10 feet high : 
the two fide-pofts are from 10 to 12 inches fquarc, the 
part which is funk into the ground is left rough, and 
1 about 
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about fix feet long ; the threlhold is as broad as the 
pofb are thick, and about fix inches high : the frames 
of the gates are from 5 to 6 • inches Iquare, and the 
planks 3 inches thick. Thefe gates are locked by an 
iron bar, turning about a bolt, fo as that when- one 
end raifes, the other turns down, and one end is catch- 
ed by an iron hook, whilft the other is faftened with a 
padlock. 

The fourth figure reprefents a gate made under the 
covered gate-way ; each fide turns upon a ftrong iron 
pivot, (bnding on an iron focket, and are faftened 
above to the wall, with hooks and hinges, much in 
'the ufual manner of common doors ; the outfide is 
covered with iron bars, in the manner reprefented here, 
for about eight feet high, and the parts between the 
bars, are drove full of diamond headed nails, to pre- 
vent their being cut open : In one of thefe gates, is 
made a wicket, in order to pafs through, when there 
is any danger of furprize, and in the morning before 
the party of men, that is fent out to reconnoitre and 
fee whether any enemy appears, is returned ; the upper 
part of the gate is left plain, without any iron, becaufe 
there is no danger of cutting it there. 

The fifth figure of this plate reprefents a' harrow or 
port-culifs, which is drawn up by means of tvjo chains 
fixed to the upper ends A and B, and the other ends 
are faftened to a wooden roller, with a handle on each 
fide, which, when turned round, the chains roll upon 
it, and lift up the gate, and faftened above, by two 
ftrong bolts : the lower crofs bar is covei'ed with an 
iron Hat bar from one end to the other, as likewife the 
rails or uprights as hrgh as A man can reach, to prcvemj 
its being cut open. 

Thcfe portculiflfcs are, in myopinic^n, betttf l!ii»| 
thofe called organs, becaufe if an enemy fttould comt 
fo near as to cut it open, it will not be fo eafilydone, 
if they arc well covered with iron ; and the itiin be* 
hind them may fia* through ic with very little din^4 

yrhereas^ 
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tvhcreas, the enemy muft.be very much expofed to 
their fire : befid^s, there might be an opening left 
above, to throw ftones and blocks of wood upon tholfe 
that dare approach them, 

*' SECT. XVIL 

(y Sentry-boxes ^^o^Nece ss ary^ 

HOUSES. 

FORMERLY fentry- boxes were made of hewn 
ftones, and placed on the failant angles of the 
baftions, ravelins, and other outworks, and fixed to 
the walls ; as they may be feen in moft fortified towns 
iri France^ with a flower dc luce at the t(^ of them: 
but it has been found by experience that they ferve as 
marks for the befiegers to direct their approaches by, 
for which reafon, they build no more in this manner: 
the prefent method is to make them of wood, and fo 
as to be moved from one place to another ) and they 
are moftly placed at prefent upon the middle of the 
parapets of the faces; and wooden fteps are made to 
get up) or fiopes are fometimes cut into the parapet 
for that yurpofe ; by which the enemy has it not in 
* his power, to make any advantage of their fight ; thefe 
wooden ones are, befides, lefs expenfive, and anfwer the 
intent full as well, which ought always to be confi- 
dered in every kind of work whatfoevfcr. 

Plate XV. The figure given to fentry-boxcs, is 
cither pentagonal or fquare -, we rhade it a pentagon^ 
as may be feen in the plan, figure 6, and the elevation, 
figure 7, as being more convenient \ for by turning 
the point outwards, the adjacent parts arc oetter dil^ 
covered fronii the fides next to tnat angle : the ^es 
are abow four feet long, and fix feet high 5 the tim- 
bers of the bale ought to projeft about a foot each way, 
ib as to have a good bafe to ftdnd upon, to prevent 

the 
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the wind, from blowing it down; and if this bafe is 
not fufficient, it may be pinned down by (lakes : In 
each fide is a hole to look out, of 4 inches broad, and 
8 high : as the plan, and elevation of this fentry-box 
is fo plain, there requires no further explanation. 

The fcntry-boxes placed near the governor's houfe, 
powder- naagazinc, ftofe-hpufes, &ff.. are made of a 
fquare form, becaufe the fentry has but one or two 
places to:.obferve: each fide of the bafe is four feer, 
and the box fix high, befides the covert : and they are 
made fo light as to be eafily turned about, or carried 
from one place to another. 

Public boghoufes fall likewife under the care of 
the engineer: they ought to be placed over rivers, 
or ftandir^ water, if it can be done, to prevent, if 
poflTible, the ftench. from becoming naufeous-, but 
where this cannot be done, they are placed on the 
curtain,* where a paffage is cut through the parapet ; 
and fupported with braces againft the wall, fo as to 
hang over the ditch : but care mud be taken, not to 
place them too near the fally-ports, otherwife, they 
will make the paffage difagreeable. But, in my opi- 
nion, if they were placed at the flope of the rampart, 
over the common-fhores, it would be much better, 
becaufe the rain and other waters of the ftreets would 
carry off all the naftinefs, which makes them fo difa- 
greeable. 

SECT. XVIII. 
• DtftributimofWo uses arid Streets. 

r 

TOWNS were formerly built any how, accord- 
ing to the builder's fancy, without thejeaft re- 
* gard to regularity or beauty : but now-a-day, when a 
place is fortified, which is not occupied by any houfes 
'or other buildings, great care i^ taken, to make every 

part 
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part within as regular as is poQlble; for whic^h reafbn, 
care is taken to make the ground level, at equal dif- 
tances from the center of the place, and defcending 
gradually from that point in an eafy flope towards the 
ramparts -, that the waters in the ftreet may run into 
the ditch. 

Some German engineers, will have the ftreets to part 
from the center of the place, and direfted to the mid- 
dle of the baftions and curtains, pretending that there-, 
by, the troops- affembled upon the parade, may render 
themfelves in a Ihorter time to any part of the rampart, 
where their prefence is required j this might be well 
for the defence ; but then all the houfes, and other 
buildings are made with a bevil, which is fo great an 
inconvenicncy, that I believe, this method will never 
be put in praftice. 

It is not only the regularity of the ftreets, which is 
fufficient, but likewife the rightly placing all the mili- 
tary buildings, fuch as the governor's houfe, guard- 
houfes, ftore-houfcs, and magazines of different kinds: 
The governor's houfe is aptly placed in the middle of 
the fide of the great fquare, oppofite to the great church, 
fo that he may* fee the troops, parade, and the garri- 
fon under arms, from his windows, or gallery -, there 
fliQuld likewife be a guard-room in that fquare, from 
which the fenfries placed at the governors door, and 
near the magazirife are taken : the other guard-rooms 
are placed near the gates, and fometimes one near the 
barracks: The ftore-houfes and magazines are beft 
near the ramparts, where they are at hand in ^afe of a 
fiegc : As to the powder-magazines, they are always 
placed in the gorges of the baftions. In places near the 
fea, or navigable rivers, the naval ftore-houfes muft 
be as near the harbour, where the Ihips lie, as poffible ; 
on the contrary, thofe for land fcrvice on the oppofite, 
or land fide -, as we have mentioned in the firft book 
of fortification, where we have given the conftruftion 
of thofc places. 

P When 
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When a town is very large, and therefore much 
room to build upon, it is neceflary for the public ufe, 
to make feveral fquares *, but on the contrary, if the 
place is but little, and no room to fpare, there muft 
^t teaft be one, in the center of the place, whofe big- 
nefs ought to be in proportion to the extent of the for- 
tification, and confequently, to the number of troops 
required to defend it : For this fquare not only ferves 
as a market place, but likewife, to draw up the troops 
and parade on it. Mr. Belidor thinks, that a fortrefs 
of fix baftions, whofe exterior fide is i8o fathoms, 
ihould have a fquare, whofe fide is from 40 to 45 fa- 
thoms, a place ot itwtn baftions, one whofe fide is 
from 55 to 60; that of 8 baftions, from 70 to 75; 
that of nine or ten baftions, from 80 to 85 ; and laftly, 
that of eleven or tv^elve baftions, from 90 to 95 ^- 
thoms ; however, he fays, that the engineer employed 
in thefe works, will be able to judge of the proper 
bignefs which thefe (quares ought to have. 

There is commonly an open fpace left at the en- 
trance of every gate of the town, in order that die 
guard-houfe, which is made there, may have room 
before it, to draw up the guard, and, in cafe of danger, 
to defend the gate and adjacent places : befides^ thde 
openmgs have a good appearance, and ferve aifo for 
the carriages to get out of the way, when any others 
are coming in. 

In regard to the ftreets, the principal ones fliould 
go from the great or principal fquare in the center, 
directly «to the town-gates ; to the ramparts, and to 
the citadel or harbour, if there is any ; in order to be 
enfiladed by the guns and troops, placed in that fquare 
in cafe of any danger or furprize : It muft be ob- 
ierved, that the crofs ftreets are all parallel to one 
another, and perpendicular to the former ; fo that all 
the buildings be at right angles to each other. 

The principal ftreets are generally 36 feet wide, io 
order that three carriages may pals a-breaft at a 

time^ 
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time, Or if two of them fhould ftop* " another may 
pafs by, as likewife room for the foot paflengers ; buc 
lA regard to the other Itreets, they need not be fo 
large ; if they are from 1 8 to 24 feet wide, it will be 
fufficient, becaufe there pafs feldom above on)c or two 
carriages at a time. 

The diftance between one ftreet to that which is par- 
allel to it, is various ^ Mr. Vauban made them only 
the breadth of three houfes, at New Brifac ; that is, 
but one between the two comer houfes ; which, in my 
opinion^ is not fufficient, becaufe there is fcarcely any 
room left behind to build warehoufes, or /hops, for 
workmen, which are abfolutely ncceflary ; neither is 
there any room for gardens or openings for the light 
and air to pafs freely, both ufeful for the prefervation 
of the inhabitants. 

We fuppofe that each houfe takes up 36 feet in the 
front, and the interval between the parallel ftreets is 
equal to the breadth of four houfes, or 1 44 feet ; fo 
that if the houfes are 36 feet deep, each of them will 
have an opening behind of the fame extent, excepting 
the corner houfes; either for a garden, or to build 
ihops or ftore-houfes : we fuppofe that the (hops to 
work in are all behind, and in the front only thofe to 
expofe and fell the goods. 

Plate XVI. W« niade but one fquare in this defign, 
whofe (ides are 75 fathoms, but if it (hould be thought 
ncceflary to make more, one of the fpots occupied by 
houfes terminated by four itreets, in the moft conve- 
nient place may be ufed for that purpofe ; and it is 
there where the market for dry goods may be kept, 
and a town houfe (hould be built. 

The governor's houfe is fuppofed to be in the great . 
fquare, marked by the letter B, and the great church 
oppofite to it, marked C : the governor's houfe takes 
up as much room, as three others, and his garden as 
. mtich as two : fo that the houfe is 1 08 feet in front, 
and 36 in depth, and the garden 36 feet broad, and 
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72 long : and if this is not thought fufiicient, the whole 
opening behind may be taken into his garden. 

Ic is alfo common to build a fountain in the very 
center of the place, or great iquare, decorated in a 
neat manner, with four fpoucs facing the four pincipal 
ftreets: For fince water is the moft neceffiiry thing 
wanting in a garrifon, both for men and cattle ; there 
cannot be too much care taken to fupply the place 
with it : for which reafon, water is brought from 
fprings, or rivers near hand, by means of pipes, and 
engines if neceflary, at the fame time that the town is 
built ; there ought befides this, in the center of the 
place, to be feveral others contrived in the corner of the 
ftreets, if the place is large, to fupply every part of 
the town plentifully. 

When an old place is fortified where there are houfes, 
the ftreets are left as they were ; the principal ones 
are only widened and made ftrait if poffible, either by 
demolifhing the old houfes, and building new ones, or 
elfe waiting till the old ones decay, and then obliging the 
inhabitants to build them in a ftrait line : this is often 
pradifed by the Frencby when they fortify old towns, 
as I have feen at Douayj and other places : it . is true, 
that this is againft the laws of England \ but any thing 
that tends to the benefit of the public in general, ought 
to be preferred before the obftinacy of private people^ 
who lofe nothing by it. 

In new places built abroad, in plantations where 
there is fufficient room, and where the fortification 
often confifts of the town-wall, and ditch only 5 I 
would make the intervals between the ftreets greater 
than what we have reprefented here in this plan, as 
likewife all the bye ftreets about 30 feet wide : For 
nothing contributes more to the wholefomnels of 
the place, as well as agreeablenefs, than fine, large 
ftreets, and great openings behind the houfes, planted 
with trees, efpecially in warm climates ; befides, all the 
ihops to work in, fliould be built there, and no. others 

ought 
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ought to be permitted in the front of the ftreets, than 
thofc for the felling goods, as we have obferved before. 
The engineer employed in the building of Halifax^ 
in Nova Scotia^ has, in my opinion, committed a great 
miftake, in building the ftreets fo near to each other as 
he did ; for each houfe is 36 feet in front, and 72 m 
depth, and no opening is left behind, as I have been 
informed, by an officer that. was there, and employed 
in the works. This miftake can arife from no other 
reafon, than the manner of building fortified places in 
Europe : but the cafe is quite different, becaufe places 
have a great number of outworks, befides the body of 
the place ; for which reafon, we are obliged to crowd 
the buildings as much as we can, that there may be 
room for the inhabitants, befides a Izrgc garrifon: 
whereas abroad, where the fortification is inconfider- 
able, the place (hould be ' made as pleafant, and con- 
venient as poffible. 

It was faid, the few people that went there, were not 
Sufficient to clear a larger fpot of ground ; but in an« 
fwer to this, I fay, they need not clear more ground 
at firft than to build upon ; and leave the openings 
behind, for another opportunity, when they have more 
time -, by doing this, the wood left may ferve for tim- 
ber to build out-houfes, and the branches for fewel to 
burn, when perhaps, th«y muft go far for it, and are 
expofed to the infults of the Indians at the fame time. 

The ftore-houfes for ammunition and artillery, bein^ 
military edifices, and requiring much room, it is not 
eafy to determine their fituatiops, becaufe they depend 
on many circumftances, which cannot fo well be known 
as upon the fpot ; it is neceffary to obferve, that they 
fliould be feparate from one another, as well as from 
other buildings, to prevent accidents as much as is 
poffible, which may happen by fetting the adjacent 
buildings on fire, either by chance, or by the contri- 
vance of an enemy : When there is a brook or river that 
pai&s through tl^ town, it is requifite, for the good 
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pFthe icmcc, that the ftore-houfes fhould be near it; 
to bring timber and other materials, as well as itores, 
by means of water carriages.* 

We placed the ftore-houfes and magazines here, near 
the curtains, which have no town- gates ; fuch as are 
marked D 5 becaufe they are near at hand, to tranf- 
port them upon the rampart, where they are wanted 
in cafe of a fiege : and the triangular openings formed 
by the ftreets, may fervc them as yards, which fhould 
be walled in; they are likewife near the barracks, 
which is another conveniency ; for as foldiers are com- 
monly employed in ranging and moving them, they 
are near ^t hand upon all occafions. 

The barracks are generally placed near the rampart 
of the purtains, ^s inarked here by the letter G ; with 
pavillions H at the ends, which are defigned for the 
the officers lodgments; this is undoubtedly the pro- 
pereft place for them ; becaufe an open fpace may be 
left before them to draw up arid exercife the troops ; 
the detachments in time of war may be more privately 
made for any entcrprize that might be thought neccf- 
fary, which could not fo well be done in any other 

glace ; and the troops are quite fcparated from the in- 
abitants, with whom they do not always agree. 
As the tap-houfes and bake-houfes, for ammuniticMi^ 
bread, are neceflary for the fubfiftence of the gar- 
rifon, they ought to be built near the barracks, and fp 
as to have a guard- room not far from them, in order 
to prevent any riotous proceedings, that might hap- 
pen ; and as to tl^e hpfpital, it is almoft needlels to 
mention, tl^t it fliould be placed in fome bye place or 
Other, fo as to be feparate from the inhabitants, and 
noife of the workmen ; efpccially near a brook, or 
river, in cafe there is any that pafle^ through the to^vn. 
This is nearly all that can be faid in regard to this 
fubjedt, when the place is large ; but in fmall forts 
there requires not fo many ftore-houfes, which Kow- 
eyer are always placed ne^ the ranipart, In fuch plsiccs, 
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where there are harbours or citadels, regard muft be 
had to them in the placing thefe buildings ; but the 
fubjeA being fo plain and eafy, it requires no far- 
ther explanation ; fince a little pra6tice and common 
fenfe, will fuggeft the nccefllty of placing thefe build- 
ings in the moft convenient manner : but the execu- 
tion of thefe, and all other military buildings, requires 
much more capacity and knowledge ; in order to make 
them folid, and at the fame time convenient •, which 
we ftiaJl difcufs more particularly, by treating of them 
each fcparateiy. 

We have omitted feveral other things too trifling to 
be mentioned, which the reader will partly fee in the 
lixteenth plate, which befides will ferve as a further 
illuftration to what has been mentioned-, and what re- 
mains to be done, we muft leave the fagacious reader 
. to find out himfelf* the fubjeft being too copious to 
treat particularly of all the minute parts. 
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SECT. XIX. 



OWDER- MAGAZINES. 



FORMERLY powder-magazines were made . in 
a quite different manner from thofe ac prefent ; they 
placed the powder in towers that had been built in 
the town-walls, by which they became liable to many 
accidents ; for when the powder happened to be fet on 
fire, either by chance or by fome concerted fcheniie 
of the enemy with the inhabitants, it opened the town, 
and made a breach for the enemy to enter, as it hap- 
pened at yfire^ according to Mr. Belidor^ when that 
place belonged to the Spaniards: The French^ who 
then bcfieged it, having got intelligence from fome in- 
habitant, found means to fet the powder on fire, 
that was placed in one of the baftions ; which had fo 
great an cfFeft, as to make a large breach, and as foon 

P 4 as 



ei6 PRACTICAL Part III 

B& the bcHegers had prepared for an aflfault, the garri- 
ion furrcndered, whereas, without this accident, they 
might have defended themfelves niuch longer. 

Finding by experience, that the building magazines 
in the raippart, was of dangerous confequence \ they 
are now placed in different parts of the town, and made 
of various figures; but it was a great while before the 
right one was found : the moft common, had feveral 
pillars in the middle to fupport the arches ; but to bring 
thefe double arches under the fame roof, the top muft 
be loaded with fo great a quantity of mafonry as alnioft 
burft the arches : finding this method inconvenient, it 
was agreed to make them of one fingle arch, as being 
much better than the former : the form of this arch 
was of the Gothic kind, and in order to get more room 
for lodging the powder, a floor was made at the 
fpring of it. 

Plate XVII. But Mr. Vauban having obferved in 
feveral fieges, that thefe kind of arches were too weak, 
and that the floor loaded the piers very much to no 
purpofe ; fincc prudence requires not to lodge fo much 
powder in the fame place \ and being better to divide 
it into feveral p^rts, he abfolutely rejeded all the 
different methods till then followed, and propofed 
g new one, much more perfeft ; and which is that 
reprefented by the firft: and fecond figures, and is the 
only one hitherto executed with fuccefs; though 
fomething may be changed for the better, as we fhall 
Ihew hereafter. 

If we may believe what has been faid on that fub- 
jcft, we are told, that there was thrown upwards of 8q 
(hells upon a magazine of this fort, at Landaw^ with- 
out doing the leafl: damage to the vault : the fame 
thing is reported to have happened at Jtb^ and in fe- 
veral other places. Mr. Bemus direftor of fortifica- 
tion, and a perfon of good reputation, affures, thatin 
the fiege of Tournayy by the duke of MMorougb^ 
where he fervcdij there was thrown upwards of 45000 
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(hells into the citadel, and the greatest part of them 
fell upon two powder-magazines of this fort, and yet 
neither of them was damaged; whereas there were 
fome built with Gothic arches, that were deftroyed. by 
three or four (hells that fell upon them, notwithftand- 
ing that they had been covered with five or fix feet of 
earth, fometime before the fiege begun. 

The dimenfions of Mr. Vauban*s magazines, are as 
follow ; the plan is 60 feet long, clear within, and 25 
broad; the foundations. are 9 or 10 feet thick under 
the long fides which fupport the arch; and thele fides 
he made 8 or 9 feet thick, according as the mafonry 
was good or indifferent, and 8 feet high from the foun- 
dation to the fpring of the arch ; fo that making the 
floor about two feet from the ground to keep it free 
from all dampnefs, there remained 6 feet for the height 
of the ftory. 

The thinned: part or hanches of the arch is three 
feet thick, and the arch made of four \tStx ones, one 
over the other, and the outfide of the whole terminated 
in a flope to form the roof ; from the highefi: part of 
the arch to the ridges is 8 feet, which makes the 
angle fome what greater than 90 degrees; the two 
wings, or gable ends, are four feet thick, raifed (bme- 
what higher than the roof, as is cuftomary in other build- 
ings ; as to their foundations they are 5 feet thick, and 
as deep as the nature of the ground required. 

The piers or long fides are fupported by four coun- 
terforts, each of fix feet broad, and 4 feet long, and ^ 
their interval 12 feet; between the intervals of the * 
counterforts, are air holes, in order to keep the maga- 
zine dry and free from dampnefs ; the dices of thcfe 
air-holes are commonly a foot and a half every way, 
^d the vacant (pace round them three inches, made 
io as the^ in and outfides be in the fame direction, as - 
may be feen by the plan ; the dices (erve to prevent an 
«nemy from throwing fire in, to burn the magazine, 
.0ad for $ further prec^QQn^ it is necef&ury to flop 

* thele 



ai8 PRACTICAL Part III. 

thefc air-holes with fcveral iron plates, that have fmall 
holes in them like a fkimmer, otherwifc fire might be 
tied to the tail of a fmall animal, and fo drive it in that 
way i ,this would be no hard matter to do, fince where 
this precaution has been negleAed, egg-fhells have 
been found within, that have been carried there by 
weafles. 

To keep the floor from dampnefs, beams are laid 
long-ways, and to prevent thefe beams from being 
foon rotten, * large ftones are are laid under them, thefe 
beams are 8 or 9 inches fquare, or rather i o high and 
8 broad, which is better, and 1 8 inches diftant from 
each other; their interval is filled with dry fea coals, or * 
chips of dry ftones, then over thefe beams are others 
laid crofs-ways, of 4 inches broad, and 5 high, which 
arc covered with two inch planks. 

To give light to the magazine, a window is made 
in each wing, which are fhut up by two fhutters of 2 
or 3 inches thick, one within and the other without ; 
that which is on the outfide is covered with an iron 
plate, and is faftened with bolts, as well as that on the 
infide. Thefe windows are made very high, for fear 
of accidents, and are opened by means of a ladder, * 
to give air to the magazine in fine dry weather. 

There is likewifc a double door made of ftrong 
planks, the one opens on the outfide, and the other 
within ; the outfide one is alfo covered with an iron 
plate, and both are locked by a ftrong double lock ; 
the ftore-keeper has the key of the outfide, and the 
governor that of the infide : the door ought to face 
the fouth nearly if pofiible; in order to render the ma- 
gazine as light as can be, and that the wind blowing 
in may be dry and warm. Sometimes a wall of 10 
feet high is built round the magazine about 12 diftant 
from It, to prevent any thing from approaching it 
without being feen. 

Here We take not fo much precautions, for I never 
did fee mj with double doors, or fhutters, and they 

are 
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are built in fo flight a manner, that it would be an 
cafy matter to deftroy them, I have fecn a projeft 
for mending a powder-magazine at Minorca^ there 
were to be no lefs than four dodrs, and as many win- 
dows as are commonly made in a dwelling houfe : there 
was to be likewife a brick floor,^ and to render the 
work compleat, crofs-waljs were to be built within, at 
every twelve feet diftant: and yet this projcft was 
contrived by a pcrfon of the greateft repute for his (kill 
in engineering} and would, in all probability, have been 
executed, had I not prevailed with the furveyor gene- 
ral at that time to lay it afide. 

Such a magazine as this will hold about 200,000 
pounds of powder, when the barrels are fix above one ano- 
ther, which however is not done, but in cafe of neceOity, 
becaufe when they lie fo much on each other, it is very 
troublefome to remove them, and change their pofi- 
tion, which ought to be done once a year at leafl: ; 
otherwife the fait petre, being the heavieft ingredient, 
will defcend into the lower part of the barrel, and the 
powder above will lofe much of its goodnefs ^ but to 
prevent the barrels from rolling, when fome are taken 
off, two wooden polls are ere&ed, of about 4 or 5 
inches fquare, between every 10 or 12 barrels, by this 
means they may be piled up as high as you pleafe, 
or taken off without any danger. 

Mr. Belidor would have brick walls made under the ' 
floor, inflread of beams, and a double floor laid on the 
crofs-beams \ which does not appear to me to be ib 
well as the manner propofed here ; the reader is, however, 
at liberty to choofe that method he likes beft. 

Inftead of making the fide walls 8 feet thick, as 
Mr. Vauhan does, we have made ours here but feven, 
and turned the counterforts, contrary to hispofition; 
that is, inftead of being 6 feet broad, and 4 long, ours 
are 6 feet long, and 4 broad, which ftrengchen the 
walls very much ; as his were only 1 2 feet difbmt from 
%^ Other, ours becpipe 14 fc^ afunder, fuppofing 
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the extreme ones to be within a foot from the infidc of 
the wings produced. 

It is likewife to be obferved, that inftead of making 
four arches one over another, each of them the length 
of a brick thick, in the manner of Mr. Vauban^ we 
inake but one continued arch three feet thick, which 
makes it much ftronger, as it eafily might be proved 
by what has been demonftrated in the fecond fcdlion. 
The reafon of making our fide walls feven feet thick 
only, inftead of eight, according to Mr. Vauban^ i», 
becaufe we found by the rules of mechanics^ and the 
•ftrifteft computation, but 7 feet and two inches, when 
they are four feet loilg, and fix broad, but by making 
them fix feet long, and four broad, the walls are ca- 
pable of a greater refiftance than his, and they being 
foynd ftrong enough by a long courfe of experience^ 
there cannot .be the leaft doubt, but that ours will be 
fufficiently ftrong. 

In the theory of arches we made no allowance for 
fri£tion, but confidered the ftones only according to 
their weight, whereas, in that of the walls which fup- 
port earth, we made an allowance of one third of the 
weight, for the friftion, and yet our walls are as 
ftrong as thofe built by Mr. Vauban\ it may feem con- 
tradi£tory to make no allowance here -, but if it be con- 
fidered, that the ftones never clofe and bed fo together, 
as to make one continued folid, as the theory fuppofes ; 
but on the contrary, lay often hollow, and the void 
fpace^ are filled up with bad mortar, it is a great 
while before thefe piers or walls are dry, and become 
capable of as much refiftance as is required : befides, 
an allowance muft be made to rcfift the force of the 
ihelis thrown upon them, as has been obferved in the 
fecond fedion. 

In order to fucceed in thefe kind of buildings, it is 

highly requifite that the engineer fhould watch the 

workmen continually, in order to make the walls aS 

fblid and compad: as poflibie, that the ftones or bricka 
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bed well, and no holes big enough to hold a done or 
brick to be filled with mortar : And laftly, to makeufe of 
the beft materials to be had thereabouts ; and when the 
arch is built, the centers fhould be left to fupport them, 
at leaft for fix months, that is, till the work is fettled 
and dry, otherwifc the arch is in danger of tumbling 
down, or elfe the walls muft bo made ftronger than 
they need to be. 

The third and fourth figures, rcprefcnt the plan and 
fedtion of a large magazine, for (lowing a great quan* 
city in the fame place : the piers or fide-walls, which 
fupport the arch, arc here 10 feet thick, 72 feet long, 
and 25 high, from the foundation ta the fpring of the 
arch ; the middle wall which fupports the two fmaU 
arches of the ground Boor, is 8 feet high, and 1 8 inch* 
es thick, as are likewife the arches ; the thicknefs of 
the great arch is 3 feet 6 inches, and the counterforts, 
as well as the air-holes, are the fame as in the former. 

Such large magazines as this, are by no means to 
be built in fortified towns, becaufe if any accident 
fhould happen, all the powder would be loft at once, 
whereby the place would be obliged to capitulate 5 but 
in fome inland part of the country near the capital, 
where no enemy is expefted, they might be ufed, as 
f6r a general magazine, and that from thence the pow- 
der might be diftributed to the fcveral places where it 
may be wanted : yet, in my opinion, it would be bet- 
ter to make two fmall ones, and place them at a pro- 
per diftance, that if one fhould be blown up by acci- 
dent, the other might be fafe. 

The ridge of the roof makes a right angle in both 
thefe magazines, and it is neceflary to obferve, that 
as the foundations grow deeper, fo they ought to in- 
creafe in width-, this is obvious from the common 
praftice of making walls thicker as they increafe in 
ncight ; but no certain rule has hitherto been given, 
to know how much that increafe is to be 5 fuppofing 
the foundation to projcfl inwards, by fix inches only, 

which 
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which (eems to be fufficient^ lince the walls never fall 
that way : then I would allow fix inches for every foot 
and a half depth, on the outfide, fo that if the foun- 
dation be fix feet deep, its breadth muft be increafed 
by two feet divided into four fleps ^ by this means you 
may know at all times how broad a foundation muft 
be, when its depth is known. Although this rule is 
not founded upon a demonftration, yet by the obferva* 
tions of common practice, it appears to be fiifficiently 
accurate upon all occafions. 

SECT. XX. 
Of Barracks, Hospitals, and Store- 

HOUSES. 

Plate XVIII. TJ ARRACKS are built now-a-day in 

ij air fortified places, to keep up the 
difcipHne, and good order in the garrifon : they have 
been found fo ufeful, that no place is built without 
them ; and experience fliews, that thofe garrifons which 
have them, are much more <]uiet, on account of the 
conveniency which non-commifiioned officers have to 
vifit the quarters every evening, and to fee the fbldiers 
jQiut up in their quarters, which cannot be done when 
they are lodged amongft the inhabitants, where they 
have the liberty of going out and in whenever they 
pleafe; befides, when the governor has a mind to 
make a detachment, or fend out a party, he cannot do 
It, without the knowledge of the whole town : If any 
alarm happens, the garrifon cannot be aflembled with- 
out great trouble and lofs of time ; whereas, when 
there are barracks, every thing neceflary for the good 
of the fcrvice may be done with eafe. 

Barracks are built difierent ways» according to their 
different fituations. When there is fufficient room to 
make a large fquare, furrounded with buildings, they 

are 



m 



Sea. 20. FORTIFICATION. 223 

are very convenient, becaufe.the foldiers are eafily con- 
fined to their quarters, and the rooms being contigu- 
ous, any order may be executed with privacy, and ex- 
pedition, and the foldiers have not the leafl: connexion 
with the inhabitants of the place, which prevents quar- 
rels and riots. 

This difpofition of the barracks, is efpecially conve* 
nient for the horfe and dragoons, becaufe they want a 
convenient place for the daily mounting their horfes ; 
and in this cafe, the lodging-rooms are built over the 
ftables, with a gallery ferving for a communication 
from one room to another, quite round the building, 
with ftair-cafcs in the corners, and fometimes another 
in the middle of each front ; but care mult be taken, 
to make the firft row of lodging rooms pretty high, or 
clfe they will be darkened by the gallery above them. 

When the barracks are built near the ramparts of the 
curtains, as Mr. Vauban has done in almoft every 
place he fortified, they are compofed of a large pile 
of building in a (trait line, for lodging the foldiers, 
with pavillions at the extremities for the officers : thefe 
barracks are generally two or three Itories high, befides 
the ground floor. 

Between every two rooms in the front, is an entry 
of 8 feet wide, with doors to the four contiguous 
rooms, and a ftair-cafe leading to the upper itories ; as 
to the bignefs of the rooms, Mr. Vauban made them 
22 feet long, and 18 broad, in order to hold four beds 
each ; I have feen fome large enough to hold fix beds, 
and witK two chimneys in them ; there were three men 
to each bed, which is the cuftom in all the French gar- 
rifons, becaufe it is fuppofed, that one of the three is 
always upon duty, fo that there is never but two in one 
bed at a time. 

Our barracks here, at Woolwich^ are but 16 feet 

each way, with three beds in each room, to hold fix 

foldiers only, which is not fufficient, becaufe it requires 

COO large a building to quarter a whole regiment in 
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them. The plan and elevation in the eighth^ plate, 
is much in the fame manner, only we fuppofe four 
beds in a room, which they may hold ; the rooms are 
\6 feet each way, though I think that if they were 20 
feet long, and 1 8 broad, it would be n^uch better ; 
the ground ftory is 11 feet high, the next to it lo, 
and the lad but 8. 

The outfide wall is two feet thick, and the partition, 
or crofs wall a brick and ahalf *, for if thefe latter are 
thinner, -every thing that is done, and faid, will be 
heard by thofe in the adjoining rooms : the outward 
doors are 3 feet and a half wide, and 7 high, the inner 
ones 3 feet wide, and 6 and a half high ; the windows 
are 3 feet wide, and 6 high in the ground floor, the 
upper ones have the fame breadth, but their height di- 
minilhes in proportion to the height of the ftory ; that 
is, the fecond row is 5 feet high, and the laft but 4: 
the chimneys are 4 feet wide, and 1 8 inches deep, go- 
ing partly into the wall, and projeft partly in the 
rooms. 

The corner houfes, being defigned for officers lodg- 
ings, have each an entry of 6 feet wide, with a ftair- 
cafe and a clofet of 5 by 6 feet at the further end : un- 
der the ftair-cafe is another going down into the kitchen 
and cellars, which we fuppofe are built under the offi- 
cers houfcs ; but in regard to the foldiers barracks, there 
is no occafion to make either kitchen or cellars, as they 
have done at Woolwich. 

The third figure in this plate reprefents the feftioa 
of the elevation, where it may be feen that the ftair-cafe 
goes ftrait up from one floor to the other ; but if tbiaf 
is found inconvenient, it may turn at half-way, with a 
landing-place : the roof is divided into two ridges, be- 
caufe, it is. both cuftomary, and more convenient, 
than if it was continued, which would make it too 
high, and requiring longer timbers, makes it more 
expcnfive. 

Sometimes 
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Sometimes there are piazzas built before the bar- 
racks, as thofe at Dublitij if I am rightly informed ; 
which are very convenient ; for when the troops are 
drawn up, and a Ihower of rain comes, they may ihel^ 
tei* thenifelves under it, to keep their arms dry, and 
when the companies are to be examined, in regard to 
their cloathes or arms, it may be done there at any 
time or feafon. 

In all garrifbns it is neceflary to build hofpitals for 
the fick and wounded ; its bignefs ought to be regu- 
lated according to the number of troops required to 
defend it in time of a fiege, and it has been found by 
experience, that out of 25 men, there is generally one 
fick ; yet it^ ought to be obferved, that in fortre£Ces 
built in low or marihy ground, there are more people 
fick, than in places. fhuiding on a high ground in good 
air. 

Knowing nearly the number of fick people, the num« 
ber of beds wanted will alfo be known, and confequent* 
ly, the bignefs of the building, which confifts of a 
Ipng room to hold four rows of beds, and another 
above it ; thefe rooms the French make 42 feet wide, 
and therefore if but two rows of beds be required, 20 
or 21 feet will do.; each bed ought to be 4 feet wide^ 
and 6.^ feet long, and the dillance from one bed to the 
next can be no lefs than 4 feet, fo that as many times 
8 feet as there are beds, will be the length of the room 
which is to hold but two rows of beds, or half that 
length, if it is to hold four rows. 

Befides thefe rooms, there muft likewife be lodging 
rooms for a do£tor, furgeon, their mates and at- 
tendants, for the nurfes and fervants ; a kitchen and 
laundry, as well as a yard to dry their linen : In Ihort, 
the building is to contain every thing neceflary, both 
for lodging and conveniency of the hofpital. 

In regard to their fituation, we have fpoke of it 
already, but I mufl: add, that if it is not poflfible to 
place it near a river, a canal might be cut to it, becaufe 

Q^ water 
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water is ahfolutely ntcefiary, for ck&ning the iqiparel 
of ilie iick and wounded ; for neacneis in geqeral, is 
abfoluurly necefiary in filch places, whew the.fmell of 
fo imny fores, wounds^ and othf^ ficknefs ^wuOl other* 
wife be very oSenfive. 

We ;have not given any {>!ans of faoi^ndtb, becaofe 
they j[nay be conftrudted various ways, acdoiding to 
th'ir fituanons and bignefs, which an ea^noer upon 
the (pot, wrll be acquainted wkh, and from thence 
regulate his draughts accordingly, and k would not 
be amifs to confult Che ,do£tor and fitrgeon about the 
fcveral convehtencies to bt made ; this, and his own 
kiipwledge in building, will be fufficient ta^ierform 
fuch a work in the beft miinner. 
. I had forgot that thkre ^>s often a chapel built at one 
t$xd or the great rOocO, to perform divine fcmrice, and 
when there are two rooms above one another, the up- 
per one has a >ffali<fry looking into it, for the fick 
to Cv\n without being obliged to conic downilairs. 

The lad publick buildings we have to treat of, arc 
th(p {l()fe-<houfes for all kinds of ammunitions, great 
and fmall guns, and, if the place is fituated near the 
&a or a navigable riVer, for cables, aiKliors, timber, 
and other nece&ri^s, to repair and fumtfh fhips. 
. 'In a fmall fortrefs, fuch -as a citadel or fort, a ftore- 
hoaFe of a moderate fize will be fufEcient to hold the 
ammunition, and bther neceffaries for the defence of 
the place, whereas in a large town lying near the bor- 
der of a (late, it is ncceflary to have a fpacious one for 
the artillery, in iitch- a manner as to contain every thing 
wanted in a field train. 

A il(Ke4K>ufe of this fort, oi^ht to be built near a 
river that may cafry fmall craft at leaft, if poffible ; in 
this cafe a bafon ought to be made, to load or unload 
feveral Hoats at a time ; fuch a lituation is of great im- 
portance in regard to the faving expences; for it re- 
quires a great deal to tranfport a train of artillery with 
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all its appurtenances by land to any confiderable diftance. 
And as there is feldom any fortrefs built but near a 
great river or the fea, it will always be in the power of 
the engineer to find a proper place for building the 
ftore-houfe ^ and what nature wants may be fupplied 
by art. 

The ffl-ound floor of a ftore-houfe ought to confift 
in a fliM to place guns and their carriages, tumbrels^, 
ammunition, waggons, mortars, and their beds ; in 
ihort, all the other necellaries which are too heavy to 
be carried and depofited above : there mud likewife be 
forges for fmiths, places for carpenters to work in, to 
hold iron and wood, and wheelwrights (hops, and 
every thing of this fort. 

The firft floor ought to cont^n an armoury, places 
to hold all kind| of fmall irons, others for cordage, 
pontoons, and every thing neceflary, that is light and 
eafily tranfported. An engineer, who is not perfe£Uy ac- 
quainted with every part belonging to the artillery, 
will not be able to form a right notion of a ftore-houfe : 
there is fuch a connexion between the bufinefs of an 
engineer and that of an artillery officer, that neither 
the one nor the other can be mailer of his bufinefs, with- 
out being tolerably well acquainted with that of the 
other: I am fenfible, that this will be ridiculed by 
many pra^tioners, but I leave the unbiaflfed intelligent 
reader to judge, whether this notion is right or not : 
As my intent, in writing this work is to inftrudt 
young engineers, it is no matter what thofe fay, who 
think experience is fufficient to flielter their ignorance. 

Plate XIX. To give an idea of thefc kind of works, 
rwc have reprcfented the plan of the fourth part of a 
redangular fhed, in this plate, with the elevation of 
one of the infides, executed at fVoolwich ^ the width 
within is 33 feet, the length 282 one way, and 156 
the other ; the wall is 1 8 inches thick; having pilafters 
1 5 feet diftance from each other, they are two feet 
-broad, and project the wall by 9 inches > the elevation 
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Is 1 6 feet high at a medium, for the building ftands 

..on a fmall dcfcent: the gate- ways, which are three in 

each front, and one in the other fides, are I'o feet 

. wide ; the arches of the infide walls are 8, as well as 

• the height of the piers from the bottom to the fpring. 

Plate XX. Here are reprefented the elevations of 

the front and outfide^ together with a fedion through 

' the middle of the longeft fide^ wherein the fe£tion of 

the roof is reprefented : As thefc figures are drawn oa 

. the fame fcale as thofe in the former plate, and there is 

. nothing material in them, but what the' reader- may 

, underftand, we ihall not enlarge any further on fo eafy 

a fubjeft. 

The ufe of this building is to put under cover the 

.carriages of guns, both for land and fea fervice, mor* 

tar-beds, pontoon-carriages, bread-waggons, ammuni* 

tion-carts ; in fhort, all. kind of carriages, that are 

ufed in artillery : and as wood lafts much longer in a 

place where there pafTes a free air, than if confined; 

' it was for this reafon, that the infide walls have been 

built with arches, in the manner reprefented in the pre* 

^ceding figures. 

Befides the great ftore-houfes in large fortreiles, fe- 
.veral fmall ones are built in diflK:rent places, not far 
from the ramparts, in order to lodge ammunition and 
other things neceflary in a fiege, fo as to be near at 
Jiand i they are fupplied from the great ones, when 
there is any occafion for it: but as their conftru£lion 
does not differ effentially from the former, excepting 
in their bignefs, it would be needlefs to take any fur* 
ther notice of them. 

The ftorc-houfes built in a maritime town, are not 
only to have room for artillery and ammunition, but 
likewife for cables, ropes, mafts, anchors, and every 
thing elfe, ncceffary in the fitting or repairing of (hips ; 
and this in proportion to the bignefs of the harbour or 
number of Ihips that generally rcfort there ; thefe places 
fliould have two dories^ the lower for heavy things, 

^ ..and 





fi.ttf 'i'iS 




^i 






ml ■ 


■ 




|j 


■ 




1 


■ 




A 


■ 




m 


■ ■ 

i-ft1 1 t IT--^ W 


T 






\ 






r 



• I 






i 



\ 



« « 



^■»^*"^^^^^^^i""""WW«Bi*« 



Sea. 21. FORTIFICATION. 229 

and the upper for thofe goods that are light and ma- 
nageable I their fituation ought always to be near the 
harbour or quay, that the fhips may come, near them, 
whereby a great deal of labour may be faved, in the 
fetching and carrying things from them to the (hips. 

SECT. XXI. 

Of framing Timbers y^ Partitions, 
Floors and Roofs« 

AS an engineei^ ought not to be ignorant of any 
thing relating to common archite£bure, we think, 
k will not altogether be unneceflary, to Ihew here the 
different manners of framing timbers on mod occafions, 
this being a branch of his bufinefs, efpecially as the 
carpenters follow no other rules than thofe they learn 
from praftice, which are often defedtive, as will appear 
hereafter. 

Plate XXL Here are five examples of different 
partition-frames; the firft, fecond, and fourth, are 
given by Mr. Smith \ the third, and fifth, by Mr. 
-Price \ thefe are the only authors that wrote particularly 
upon this iubjefi:. The firft example is in the common 
way^ wherein it has been obferved by an artift, thac 
there are ' more mortifes and tenons than need to be i 
for if the braces were let into the principal pofts, fb as 
to butt againft Ihoulders of about half an inch deep, , 
and nailed in, they would do the fame office in a bet- 
ter manner than being tenoned in, as here reprefented, 
and would be done in lefs than half the time : and as 
the quarters are only to fuflain' the laths and plafter ; 
becaufe the weight of the roof being fupported by the 
polls and plates ; they have no need of being framed 
into the upper and under plates, which only take up 
much time, and will not laft longer than when they 
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are cut and nailed inonly, and which is done in a very 
little time with little expence. 

The exapople in the fecond figure, reprelents the 
partition of a warehoufe, or df any other large build* 
ing» where the ^rders^ or fome other weights are to 
reft on the king or principal poft, E ; but it may be 
obfexVed, that if this wall was to fupport great weights 
in two places, it {houtd be inverted, fo as the weights 
n?ay reft upon the pofts A, A : for in the firft cafe^ 
the two ftruts adjoining to the poft £, will incrtefe its 
ftrength very much, and in the latter, the ftruts ad- 
joining to the pofb A, A, niriU by tfee fa(me realbn^ 
increafe their ftrength; but where the weight bears 
equally on the upper plate, this manner of fhiitting is 
needlefs.' The author is alfo juftly blamed for making; 
the joggles in the king-pofts A, E, A,- as bein^ ex^ 
penfive in the workmanftiip, and in* the wafte of ttm-r 
ber-, it requires likewife much time in the flaming of 
it -, and after aU, ferVes to no other ptirpofe than tho 
firft example, which is full as ftfong, and much cheap-* 

The example repfcfcnted by the fourtli figure, is 
propofed to raife the height of two ftories, the lower 
of 13 feet, and the upper of 12, Or otherwife in om 
height only, as the fide of an outhoufe, hall, or falodni 
now it is to be obferved, that as joifts are fuppofed to 
lie on the middle plate in the firft Cafe, which is frained' 
int6 the kihg-pofts EE, and the outward principal 
pofti 5 the weight at each end muft depend dn tho 
ftrength of the tenbris, excepciog fuch help as is giien 
to it by the under quarters; the braces are therrfore 
placed exaftly the wrong way, becaufe now they fup- 
port the parts near the middle pofts which do not want* 
it, whereas if their ends were turned the contrary way^ 
they would affift the ends, a$ they fhoufd do, as bdng 
the weakeft part, and the whole would be equ^ly 
ftrong every where, and they would at the fame tiitie 
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perform their office of bracing the frame in a propjcrr 
manner. 

As to the joggles at £, £> in the king-poft, they 
9re ' juftly condemned by workmen here as well as in 
the firft example, for' the , wafte of timber, and the 
lofs of time in framing i and it is thought, chat if thofe 
pofts were made a fmall matter more in breadth, aqd 
their ftruts let into them with a fmall fhoulder, com- 
monly called by workmen, bird's nufutb^ they wou|d 
be as ftrong and fecure as they can be done this way. 

The next example in hand, is that repreiented by 
the third figure given by Mr. Pricc^ which he fuppofips 
Co be a partition between two rooms, wherein doors, 
A, A, are required next to the ends, and therefore has 
placed a king-pofi: in the middle, and prick -pofts be- 
tween it and the doors ; it is here to be obferved, th^ 
the middle plate, alfo called intcriie^ is halved, not only 
in the prick-pofts, but even into the kin{p;-poft alfo, 
which is a great weakening to it, and therefore abfurd; 
nor indeed is there any occafion for an intertie at all, if 
the height is intended for one ftory only ; but fuppole 
there was one reouired, would not its being (lightly 
tenoned into the king-poft have been a lefs weakening 
to it, and have given it a ftrong bearing, by turn* 
ing the lower ftruts the contrary way, to that they are 
here ? It is true, that it is a common pradlice to halve 
timbers together, but it fhould never be done but with 
▼ery great judgment, and always avoided in braces and 
ftruts. 

The fifth figure, is another example given by Mrl 
PnV#, for a panition, wherein three doors are required^ 
one at each end, and one in the middle ; the two king- 
pofts and the intertie are again halved into each other ; 
and therefore, the fame fault may be found here as in' 
the former : the joggles in the king-pofts and prick- 
pofts are likewife needlefs ; befides, the braces feem td 
nave no other meaning here than to fhorten the quar<f 
tcrs which crofs them, and fo are only nailed upon 
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them here as well as in all the preceding examples, 
without tenons or oiortifes. * 

In all Mr. Price^s examples of partition-walls, he 
tics the lower end of the king-pofts to the ^ower plate 
with an iron band^ but for what reafon, is not eafy to 
be known^ fince, as far as I can judge, they feem to be 
entirely ufelefs, and therefore (hould never be ufed. 

Many examples of partition-walls are given by au- 
thors, of different conftruftions, and for different ufes; 
but the whole art of framing this fort of work, confifts 
in' difpofing the different parts in fuch a manner as to 
make/the whole work equally ftrong; in ufing no 
more timber than is neceffary, and to join them fo as 
that the work may be done in the (horteft time poflible, 
and yet be flrong and durable, which cannot be 
done without a competent knowledge of the rules de- 
duced from' mechanical principles, and a good deal of 
praftice, which, fcldom both meet together ; and for 
that reafon, the art of building has received fo little 
improvement ih latter times. 



SECT. XXII. 

Cy Flooring. 

Plate XXII. "O E F O R E a flooring is begun, there 

JLJ muft be madc^ an accurate plan of 
the building, whereby a judgment may be formed 
where to place the girders in the moft fubftantial man- 
ner ; and indeed, this (hould be done before the brick- 
work is raifed high enough to receive them, that not 
only the lintels may be well placed over the doors and 
windows ; which ought never be lefs than 5 by 7 inch- 
es ; but in thofc places where the pnds of the girders are 
to reft, if the lintels or bearing pieces are made equal 
in ieogth taxhe diibace that is contained between girder 
and girder, they v/ill communicate the weight equally 
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on the whole wall, and which is much better than when 
the bearing is oti the partjufl: underneath them only*, 
which is the cafe when the lintels are made fhorter -, 
^ befides, when lintels are fo laid, and are 5, 6, or 7 
inches in thickneis, in proportion to that of the wall, 
they are a very great ftrengthening, and tie thofe parts 
very firmly together : wherefore they are alfo called 
hand timhers ; but to prevent miftakes, it mud be ob- 
ierved, that bond timbers are properly thofe laid in 
walls where no girders are, as in end and crofs- walls, 
and which are laid throughout at every 6 or 7 feet in 
height, and being dovetailed or cogged together at 
every outward angle of the building, as marked in 
figure 2, and at every party-wall, as in figure 3, or 4, 
will moft firmly bind the whole together, fo that, if 
even the foundation be bad, they oblige the whole 
building to fettle together, prevent cracks and frac- 
tures, which unavoidably would happen, if they were 
neglected : It may be oblerved, that tnefe three differ- 
ent ways of joining timbers are uied, but the fingle 
dovetail, as is marked in the fourth figure, is prerer- 
able to the other two, as beins more fimple, and yeC 
tie the timbers full as well as the others. 

The proper places for girders having been determin- 
ed, it muft be obferved, to lay them to as the boards 
lay all one way throughout the middle of the building, 
fo that the whole may be feen one way ; for if the 
joints of the floor of one room are not parallel to thofe 
of another, it would produce a very ill efieft. 

The fituation of the girders being determined in the 
plan, we are thereby enabled to find their length, their 
number, and their diftance, which (hould never exceed 
1 2 feet in any building whatfoever ; nor (hould joifis 
exceed that length : It is alfo obferved in placing of 
girders, always to lay them the fhorteft way, and that 
their ends have at leaft 14 inches bearing in the wall, 
excepting thofe in very fmall buildings, where the walls 
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are of thin dimenfions, then their bearing naay be re* 
duced to I cinches. 

Nothing being a greater enemy to timber than fime,^ 
it is a very good method to lay the ends of girders, lin- 
tels, and other bond- timbers in loam ^ and fir is beft 
prei^rved by anointing it over with melted p^tch and 
greafe, of which the lad be>Hg one fifth part, and the 
other four fifths : If this precaution is negleded, which 
is commonly the cafe, the building will never laft 6x 
long as it would otherwiie do. 

As the proper fcantlings of girderS and otJier timbers, 
have been treated of in the third fr£tion, where we 
have given tables of their dimenfions in refped to their 
length, we (hall no farther enlarge upon it here ; and 
having fufficiently explained the fituation and manner 
of laying girders, we fhall now proceed to the joifb, 
which are of various kinds, as common-joifts, triming- 
joifts, binding-joifts, bridging joHts, and cieUng joifts. 

Common-joifts are thofe which are framed ftufh 
with the upper furface of the girders, and which fome* 
times are all of equal depth, but lefs than that of the 
girders, whereby the girders become lower than the 
cieling ; but the moft genteel way is to. have every 
third or fourth joift equal in depth with the girder, 
whilft ^he other intermediate joifts arc of left deptb9 
and between thofe deep joifts, fix fmall.ones to cany 
the cieKng, whereby the under furface of the gffders 
will be conceakd, which otherwifc have an ill effeft. 

Triming-joifts are fuch as are framed into two 
other joifts, for other joifts to be framed into dicip, 
which are againft .a chimney, or to make the ppen- 
iijg for a ftair-cafe, fuch as are marked by* the 
letter a: as thefe joifts are weakened by receiving* 
iftany mortifes, and having to fupport the weights of 
feveral joifts which bear upon them ; they are there- 
fore to be made of larger fcantlings than the common- 
joifts. 

Binding- 
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Binding joifts are thofe on' whidi bridging joifts are 
laid, and ih which the cieling joifts are framed ; thefe 
joifts arb framed flufh with' the under furface of the 
girders, and about 3 or 4 inches lower than the upper 
iurfaco^ that the cieling-joifts n^ay be fluih under- 
neath with them as well as with the girders : their dif- 
tance is from 3. to 10 feet, and their thicknefs in pro- 
portion to the lensth of thdr beaping, as has been 
ftiewn in the third ledion. 

The figures $, 9, ^d zo, repre&nt the manner m 
whidi their tenons and mortiies are made by Mr. 
Price ;, and which is efteemed by workmen ra general 
much better than ^ny other : but thofe who are con- 
verfant with the principles of mechanics^ will eafily per- 
ceive that neither the one nor the other is good for any 
thing. ' 

In order to determine the beft manner of makii^ 
the tenons, it is nece^Tary to conlider, that when a 
great weight bears upon the middle of thefe joifts, or 
upon any other timber fupported at each end by tenons; 
it is evident, that it will b^nd a little, and the under 

{>art X, as in figure 8, will be the point fix ; and there- 
ore when the tenon is placed in the middle as here, 
the diftance of the line of dire&ioh of the force which 
endeavours to break the joift, from the point fix x, is 
equal to half the height x v ; but on the contrary, if 
the tenon is placed higher, that diftance becomes great- 
er ; and of confequence, the reftftance becomes great- 
er^ which fhews that tl^ nearer the tenon is to the 
upper part v, the greater the rcfiflance will be : TBut 
as the morcife muft not be too clofeto the upper edge, 
otherwife the tenon would break it ; I think the beft 
way is to divide the height x v into four equal paits^ 
one of which is to be the thicknefs of the tenon, and 
placed two froni die lower end x, and one from the 
upper V : as to the tenons marked in figures 9, and 10, 
they ought to be rejected as being contrary to the prin- 
ciples of mechanics. It is to be obferved, that all 
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Undingjoifb ought to be half as thick again as com- 
mon joifb 5 becaufe, they being weakened by mortilcs 
and having a greater weight to fupport, it is ncccflary 
that they Ihould be ilronger in proportion. 

Bridgings or bridging-joifts are repreiented by the 
letter/, in the firft figure, lying on the binding-joifts d^ 
and which are alfo reprefented in figure 6, where », », 
reprefent the iedions of two binding-joifts, and d d^ z 
part of the length of a bridging-joift, and //, that of 
a cieling-joift, with the manner ot their reception by the 
binding-joifts 5 the fifth figure is a feftion which 
fliews the manner of fixing cieling-joifts c between the 
deep joifts hy h where (hallow ones as ^7, ^i, ^ , are 
framed in between them, as has been obferved to be 
the moft genteel way of framing common joifts. 

The didance of bridgings is generally about 1 2 to 14 
inches, and their fcantlings about 3 by 4 inches, or 
clfe 3.5 by 5, and their bearing is never more than the 
intervals of binding-joifts, which is from 3 to 10 feet, 
as we have obferved before, and which are laid even 
or flufli with the girders to receive the boardfng. 

Cieling-joifts, the moft (lender of all other kinds of 
joifh, as having the leaft weight to fupport, are made 
about 2 by 3, or 3 by 4 inches, according to the 
ftrength of the building ; thefc arc reprefented in the 
firft figure by the letter ^, whofe diftances are gene- 
rally 12 or 14 inches : thefe joifts are tenoned into the 
binding-joifts, as is reprefented in figure 7, where n 
reprefents a fingle mortife made on the one fide of the 
binding-joift, and r, j, two double ones called puUtf^ 
mortiftSy in the fide of a parallel binding-joift to receive 
the other end of the ceiling-joift. Thefe cieling and 
bridging-joifts are feldom fixed till the building is co- 
vered in \ when the laft are pinned down to the binding- 
joifts. Thefe kind of floors are called bridging-floors^ 
and arc the beft fort of carcafe flooring. 

Having (hewn the manner of laying the feveral tim- 
bers for flooring, it remains now to (hew how the 
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floors themielves are to be laid ; their beauty depends 
on the colout and fmoothnefs of the boards, without 
knots, and the clofenefs of the joints ; for which rea- 
fon, the carpenters plain the boards, and ftraiten the 
edges fometime before they are laid, in order that they 
may be fufficiently dry, and not flirink afterwards. 

As it is not an eafy diing to find a fuffident number 
of boards free from knots, the beft are generally picked 
our for the floors of the principal apartments, and the 
reft are ufed in other places lefs confpicuous. It has 
be^n found by experience, that if the boards are ever 
fodry, and the edges are anew drefled, they will fhrink 
again ^ for which reafon, they never touch them after 
the firft time : and the beft way of making clofe joints 
is not to nail down the boards, till a twelve month af- 
ter they have been Isud ; this the workmen will not do 
unlefs they are obliged to it by agreement, under pre- 
tence that it is more work than they can afford to do. 

The beft wood for flooring in this country is the fine 
cleat- yellow deal well feafoned, which when well laid 
keeps its colour a great while ; whereas the white fort 
becomes black by often wafhing, and looks very bad. 
In buildings of coniequence the fappy part is cut ofi^, 
and nothing but the heart is ufed, but then thefe floors 
are very experifive. But in common buildings, which 
are made by contraft, they feldom make even ufc of 
dry ftufl^, unlefs it is particularly mentioned in the 
agreement. 

The joints of the boards are commonly made plain, 
fo as to touch each other only \ but when the ftuff' is 
not quite dry, and the boards Ihrink, the water runs 
through them when the floor is waflied, and fpoils the 
cieling underneath -, for which reafon, they often make 
feather edges in better buildings, lb as to cover each 
other of about half an inch ; and fometimes they are 
made with groves and tenants ; this laft method, when 
well executed, appears tg me preferable to any other 
whatfoevcr. 

lam 
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I am informed, that in the -beft buildings, the joints 
are made with dove talk ; then-the lower edge is nailed 
dowii^ -and the next drove into it, by \^ioh the 
nails are concealed, which certainly makes the floor 
look much handfomer than when the nails are feen : 
for wlien they -are wafiied the nstih grows rufty, and 
aj^ar like-iamany4)lacks jpots upon thelbor, wl^ch 
has an iU eflfeS:. 

The manner of «ieaA)nng-€oors is by fquares of lo 
Saeteach fide ; fo that taking the length and bfeadth in 
fi:et, and multiplying them together ^ then by ^ftriking off 
the two* kit iiguceS' as decimals, ^ the rejiiainder will be 
the content-exprefled by thefe fquares. Thus a ^oor 
of rS feet by 16, gives 298 fquare feet, or 2 fquares 
and- 88 decimal parts ; fo that nf the price of a fquare 
of floofing i^ known, that of the whole will be i:afily 
fou^d by proportion. 

•Formerly otiken boards were ufed for flooring, but 
at prefent they are negleded, excepting upon fome 
particular occdfions, as in clofets and other private 
rooms : thefe boards are framed together with pannels, 
like doors, and polilhed with wax, which makes them 
look very beautiful, and are agreeable to thofe who ^if^ 
Kke a wet room ; but as they are flippery, and very cx- 
penfive, they aretnuch out of fafhion. 



SECT. XKlJh 
(y Roofings, 

Pkte X3CIJI.^jT TE.4re.0ow come to the formation 

VV ^f loofs, of which the former wall 
plates are a part, as being the bafe on which the fmall 
rafters ftand. We muft, aner haying formed it, accord- 
V^g.to this, pl^^pf t^e l>piUltf)S> w4 fe<»u(e<}:ii9 Mgles^ 
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in the manner reprdcnted in the fccond figarc,plateXXIL 
confider the proper diftances and places to lay the 
beams on; where it myft be obferved, i# To avoid 
the jcnnts of the plate : 2. That their diftances be not 
too great, left, you are obliged to have larg^ cieling- 
joifts, and large puriins, which ate but a load to a 
building, and t}ierefore fhould not exceed ten feet; 
3. That they lay over, or nearly over, the heads dfthfe 
principal pofts, in timber building, and on the mid^^ 
of the piers, when'thcy are of brick or ftone. 

The (ituation and length of die de- beams being de« 
termined, their under furface at each end being equ4 
to the breaddi of the wall-plate, is dovetailed an inch 
and a half or two in depth, according to their ftrength, 
and which are let into both thefe plates, in the manner 
tvprefcnted by the third and foprth figures, plate XXII 5 
but as it has been fhewn already with a fingle dovetail^ 
as in figure 4. If the breadth be divided into three 
equal parts, make the narrow part of the dovetail one^ 
ivhicH to the end opens to the whole breadth of the 
beam. When the tie-beams are thus dove-tailed into 
the plates, they are then faid by the workmen to be 
cogged down, and ready to receive the cieling-joifls, 
andprincipd rafters. * 

But before the principal rafi:ers can be framed, the 
height of the pitch, and their length muft be dieter- 
mined ; the pitch of every roof ought to be made ac- 
cording to its covering; which is of lead, pantiles^ 
plaintilcs, or flates 5 thefe are all the different coverings 
ufed in England. The ufual pitches are the pediment- 
pitch, common pitch, generally called true pitch, and 
the gothic pitch. 

Pediment pitch is that whofe perpendicular height 
is equal to two ninths of the breadth of the building; 
becaufe the height of a pediment is likewife two ninths 
of its bafe j this pitch is ufed when the covering is 
lead. Common pitch is that whofe rafters are the three 
fourths in length of die breadth of the building % when 

it 

I 



240 PRACTICAL Partlll. 

it fpans the building ^1 at once ; but is oftner divided 
into two equal pitches \ and it is ufed when the covering 
is of plaintiles. 

Gothic pitch, is that when the length of the princi- 
pal . rafters is equal to the breadth of the building, and 
therefore is equilateral ; this pitch is ufed when the co- 
vering is of pantiles ; fome workmen would have the 
breadth of the building divided into feven equal parts, 
the perpendicular height to have two of them, and the 
length of the rafters to be four ; and that this pitch may 
ferve for coverings of lead or pantiles : on the contrary, 
others will have the perpendicular height to be one 
fourth of the breadth, when the covering is lead, which 
is fomething lefs than what has been afligned above for 
rfxat covering 

That the perpendicular height fhould be the three 
eighths of the breadth in pantiles covering, which is 
widely different from the former -, or that the perpen- 
dicular height niay be found by defer ibing an arc from 
the extremity with a radius of two thirds of the breadth 
of the building.^ Laftly, the perpendicular height to 
be equal to half, the breadth for plain-tiles covering, 
which makes the rafters fomewhat ftiortcr thap in the 
pitch given before for that covering-, and the length 
of the rafters to be five feventh parts of the breadth of 
the building for (late coverings, which is therefore 
jiearly the fame pitch as that for plain-tiles covering. 

Thefe are the various pitches commonly ufed for the 
diflferent coverings, and feem to depend chiefly on the 
builder's fancy. As regard is to be had to make the 
perpendicular height and length of the rafters, fo as to 
be eXprefled by rational numbers, which is a great 
cafe to the workmen, in that they may be traced with 
rulers and compalTes ; for which reafon, the following 
pitch may be ufed when the covering is of lead or pan- 
dels : Divide the breadth of the building into fix equal 
parts, and make the perpendicular equal to four of 

them J then will the length of the rafters be five again- 
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Thefe pitches being a medium between thofe given 
above, and the parts exprefled by rational numbers, 
muft certainly be better than any others whatfoevei : 
to fhew that thefe parts form a right angled triangle \ 
we are to confider that in a right angled triangle the 
fquare of the hypothenufe (which is the length of the 
rafters) 5 is equal to the fum of the fquares of the 
other two fides, which are 3 and 4. 

Altho' the principal rafters are commonly made 
equally ftrong every where, yet fome think that if 
they were at their feet nearly as thick as the breadth 9f 
the tie-beams, and to grow lefs towards the upper end, 
by one fixth part, they would be better ; which is cer- 
tainly true, becaufe their centers of gravity become 
nearer to the point of fupport j they require lefs tinj- 
ber } and as the rafters may as well be fawed in this 
manner as in the ufual way ^ I fee no reafon why this 
method fhould not be ufed. 

The king-^ofts fhould be as thick as the tops of the 
principal rafters, otherwife they will not be able to re- 
ceive them ; and their breadth of fufficient ftrength to 
receive the flruts that are defigned to be framed in9> 
them. Some will have it that the flrut^ fhould diminiflx 
upwards as well as the rafters ; but this would be car- 
rying niceties farther than is necefiary ; when the lower 
ends of the rafters are ftrongefl, the purlins, collar- 
beams, and (huts, fhould be placed ibmething higher 
than the middle of the rafters, that the bearings may 
be proportional to the flrength, and not in equal parts, 
as is ufual. 

Purlins mufl have the fame thicknefs as that part of 
the principal rafters to which they are framed, and 
their breadth is generally made to their thicknefs, as 
4 to 3 ; therefore the breadth being 8, the thicknefs 
mufl be 6 : tho' this is the rule carpenters go by, yet 
their dimenfions ought to be determined by the ruUs 
given in the third fe£tion, part I. 

R Purlins 
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Purlins are generally framed into the principal raf- 
• ters ; buc in my opinion, they fhould rather be laid in 
the collar4>eams, becaufe the rafters zxc not fo much 
weakened by mortifes, and the ftrength of the purlins 
will then not depend on the tenons : when they ait 
framed into the principal rafters, their length cannot 
be more than the diftance between two contiguous 
rafters, which is from lo to 12 feet only ; but when 
they are laid in the coUar-beams, they may then be 
twice or thrice that length, according as the ftrength 
of the ftuff will allow. 

Small rafters may be in their fcantlings 4 inches bf 
2.5, or 4.5 by 3.5, or elfe 5 by 3.5, according to the 
nature and ftrength of t^ie principals, and their length 
in a purlined roof fhould not exceed feven feet : it is 
beft to frame two rows of purlins, when the principal 
rafters are very long, in the manner reprefented in die 
firft figure, plate XXIII. by the letters A, A ;'^ which 
figure reprefents the roof, as a plain furftce ; but the 
method of framing the purlins in a right line, as here 
'feprefented, is not to^ recommended ^ becaufe when 
' Che mortifes in the principal rafters ^u-e agaiiift one ano- 
ther, they are not only weakened very greatly in thofe 
parts, but you lofe the pinning alfa, and therdbre thcf 
fhould be framdd, as reprefented by the letter B in the 
fame figure. 

The ufe of this figure is, to detsermine the number 
and fituation of the principal fmall and jack raftefs ; 
ithe principal rafters are thofe maiiced by the letter D, 
and lie through the body of the plan, with tenons re- 
prefented in the middle ; the fmall rafters arc thofe 
marked /, between the principals and the jack-rafters 
thofe fhort ones, whofe tops bear againft the hip-raf- 
ters C, and are marked by the letter E ; the purlins 
are marked by the letters A and B 5 as to the other 
parts of a roof which cannot be feen in this figure^ 
they are reprefented in die following feflion. 

I Fig. 2. 
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Fig. 2. This figure reprefents the fcftion of a large 
roof, having a king-poft and two ftruts to fupport the 
principal rafters, the tie-beam is fuppoied to reft in the 
middle upon fome party or partition-wall, otherwiie. 
that beam would not be able to fupport the roof; te- 
caufe the greateft weight which is under the king-poft^ 
would reft upon the weakeft part, as has been fhewA 
in the third feftion, part I. 

Fig. 3. This figure is the fe&ion of a roof to be 
covered with pantilej -, the length of the rafters is the 
two thirds ot the breadth of the building, and the 
height one half; there is a lodging-room made in the 
middle ; this roof is very ftrong, and may ferve al- 
fnoft in any building, efpecially if the tie*beam is fup. 
ported in the middle by a party-wall. 

Fig. 4. . This figure reprefents a roof, whofe per- 
pendicular height is three eighths, and the length o€ 
the rafters five eighths of the breadth ; this roof is alfq 
very ftrong^ but I think that in fmall buildings the 
king-pofts with its two ftruts niight be left out withtMit 
any inconveniency ^ becaufe the two prick-pofts toge- 
ther with'their ftmts are fufficient to fupport the raf- 
ters. 

Fig. 5. This figure is a fcftion of a roof of pedi- 
ment-pitch, with a valley in the middle to take off the 
barn roof alpeft, which it otherwife would have, if the 
rafters were continued up to an angle ; in this roof are. 
made two lodging- rooms, as being framed with a co}-' 
lar-beam, and middle-poft, which laft muft be fup- 
ported by a party-wall, otherwife the tic-beam Will 
fcarcely be able to fupport the weight upon it, with'-. 
out its being of very large dimenfions. 

It may be obferved, that the pofts in^fig. 2, 3 and 
4, have all joggles, which are by many workmen not 
approved of, on account of the wafte of timber, and 
die length of time to frame them ; in order to fatisfy 
thofe that are for plain- work, and yet make it ftrong 
and durable, it will be fufficient to cut the tenons of the 

Ra ftruts 
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ftruts whick enter into thcfe joggles, as well as the 
niordfes, in the fame manner as they arc reprefentcd 
here by the joggles, which will do very near as well ; 
for all tenons cut at right angles will bear the preflure 
of the polls in the ftrongeft manner that can be. It 
muft likewife be obferved, that all the iron bands re- 
prefented in thefe roofs, are thought by the workmen 
to be very ufeful in ftrengthening die work, though 
needlels in my opinion. 

As workmen differ very much in their manner of 
framing roofs •, it is impoiTible to give fuch rules as 
will fatisfy every body ; but what has here been 
faid, together with the principles given in the third 
fedion, part I. of the ftrength of different fcantlings, 
will be fufiicient to the intelligent reader, to frame all 
forts of plain roofs^ upon any occafion, in the beft 
manner, which is all we propofe in this work : As 
to thole called manfard, or broken roofs, and thofe for 
domes or cupolas, which are the moft diiHcult of all 
carpenters work, their conftrudion rather belongs to 
a compleat archited: than to an engineer. 

But before we conclude this feftion, it Vill not be 
unneceffary to fhew how the length and pofition of the 
hip-rafters C, C, figure i, are to be found 5 the dif- 
tance P Qjof the laft principal rafter D from the end P 
of the roof is always equal to half the breadth P S of 
the building ; and having the length QJR. of the prin- 
cipal rafter D, that of the hip-rafter P R is likewife 
given, as being the hypothenufe of a right angled tri- 
ilngle P QR, 

* And becaufe the perpendicular height of the roof is 
given as well as the diagonal drawn from the point P 
to the foot of the perpendicular dropt from the point R 
to the plan of the ouilding ; the inclination of the hip- 
rafter C, may be found by a ruler and compaffes j or 
by trigonometry, thus ; The length of the hip-rafter PR 
k to the perpendicular height ofthe roof, as the radius 

is 
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is to the tangent of the angle made by this rafter, and 
the plan of the building. 

Of Ceil I If G. 

Although the manner of ceiling is very common, 
yet it is neceflary, that the young engineer Ihould 
know how it is performed : In buildings of no great 
confequence, the laths are oailed on the joids, fo as a 
part of the ' girder appears below the ceiling ; this is 
done in view to get 5 or 6 inches in the height of the 
room ; and the part of the girders that appear are co* 
vered with deal boards, with a little cornice round it, 
and painted with the fame colour as the wainfcot. The 
plaifter for ceiling is made of lime and hair, to make 
it ilick the better, ai}d laid on very fmooth ; when it 
is dry and has any crackVin it, as commonly happens, it 
is paffed over with a trowel dipt in thin plaifter, this is 
continued till it is quite fmooth, and without any 
cracks ; after this it is white-walhed two or three times 
over, with lime-water and fize, till it appears of a fine 
white. 

But in buildings of any confequence, ceiling-joifts 
are framed into the girders, ib as to be even with the 
under furface, as has been obferved before : As thefc 
joifts are put in after the frame of the floor is made, 
and juft before the ceiling is finifhed ; one of the mor- 
tifes is made about a foot long, floping fo as that when 
the tenant at one end is iixt into the mortife, the other 
may Aide through the other till it becomes perpendi- 
cular to the girder where it is pinned down. 

As to ceilings made with various work, or that arc 
painted, the curious reader may confult books of archi- 
tefture, which treat of them ; we (hall only add, 
chat ceilings are meafured by the yard of 9 feet fquare. 

Of Wainscoting. 

Formerly wainfcotlng was made with oak, and it is 
from thence it has derived its name, but at preient 

R 3 white 
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' Pan-tiles arc of a quadrangular Hgure, when flat of 
about 1 3 inches long, 6 or 7 inches broad ; they are 
bent crofs-ways in the form of an S, only one of the 
arches is about three times as big as the other ; fo that 
Mfhen they are laid on a roof, one of the edges which is 
lead bent is covered by the edge of the other that is 
moft bent, (o that the roof looks like furrows, one high 
and the other low-, thcfe tiles ferve moftly for low 
roofs, fuch as ftables, iheds, and outhoufes; about 
600 will cover 100 feet Iquare. 

Ridge- tiles are ufed to cover the ridg^ of houfes, 
aod are made in the form of a femi-cylindric furface, 
of about 13 inches in length, and of the ikme thick- 
ne& as plain-tiles ; their breadth at the outfide niea- 
fures about 1 6 inches or lefs. 

Hip, or corner-tiles, are at firft made flat like pltun- 
tiles of a quadrangular figure, whofe two fides are right 
lines, and the ends arcs of circles ; the upper end con- 
cave, and the lower convex, the latter being about fe- 
ven times as broad as the other; they are about 10.5 
long, but before they are burnt are bent upon a mould 
in the form of a ridge-tile, and have a hole at the nar- 
row end to nail them on the hip-corner of the roof. 

Gutter-tiles are made like comer-tiles, only the 
edges at the larger ends are turned up for about four 
inches : thefe tiles are feldom ufed where lead is to be 
had, as being better for this purpofe. 

Dutcb'tilts are commonly ufed in chimnies; they 
are made of a whitiflx earth, g^zed and painted with 
various figures, fuch as birds, flowers, or landfkips, 
in blue or purple colour 5 and are about 6.^ inche$ 
each way, and three quarters of ap inch thick : when 
thefe tiles are properly let with good mortar, they look 
very beautiful, and caft a greater heat than ftone ; for 
being very fmooth, and glazed, the rays of heat ftrik^ 
ing upop them are all reflefted backward into the room,^ 
cfpecially when the fides of the chimnies are obliqucj^ 
or in the fproi of circular arcs.. 

Pan- 
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Pan-tiics are lad in mortar, becaufc the roof being 
very 6at, and many tiles being waqit in the burning, 
they will-not cover.the roof fo well as that no water 
<:an pais between them. Sometimes thele tiles are var- 
nt(hed with a dark brown colour ; which makes them 
la& a great while, and look better than the others, but 
are dearer in proportion. 

Plain-tiles are not I:ud in mortar, but pointed only 
in the infide » as to the ridge and corner-dies thnr are 
all iaid in mortar, bccaufe they lie feldom fo dole, as 
not to admit any water to pafs between them. There 
are alfo ufed tUes in paving, that are either fquare Of 
hexi^nal, which wfienwell burnt and laid in good 
mortar look very neat, and laft long ; but as paving 
in general is fo well knowU} tt would be nceolefs to 
ia^ any more about it. 




PART 



( *i» ) 



PART IV. 

0/" Aquatic Buildings. 

As thefe kind tX works cont^n a greater vaitety 
than thofe conftrufted on dry land, and re- 
quire much more Ikill and knowledge both of 
file theory and praftice ; no lefier work than Mr. Belt- 
d^s Architecture Hydraulic, is neceflary to give a 
true knowledge of their conftru&ion, and execution, 
according to the difiei^nt fituation»«nd circumftances ; 
As this author had the Afliilance of the greateft engi- 
neers in France^ who have more experience, and 
knowledge both in theory and pra£bice, than any 
others in Europe \ fo no man had a better opportunity 
to give every thing necefTary relating to this fubjedt. 
Since therefore his works are, or ought to be, in the 
hands of every engineer, we (hall content ourfelves ^ to 
give here fome general principles, together with parti- 
cular obfervations of the moft material parts of thefe 
buildings, for the fakeof thofe, who have no oportunity 
to perufe fb extenfive a work as his. 

SECT. I. 

Of Stone-Bridges. 

TH E fituations of bridges is eafily known, and 
need no explanation ; the only thing to be ob- 
lerved is, to make them crois the ftream at right an- 
gles, for the fake of the boat^ that pafs through the 
arches, with the current of the river ; and to prevent 
the continual ftriking of the ftream againft the piers, 

which 
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which may endanger them in & long courfe ta he 
damaged and deftroyed in the end. 

Bridges built for a communication of high roads, 
ought to be fo ftrong and fubftantial as to be proof 
againft all accidents that may happen, to have a free 
entrance for carriages, afford an eafy pailage to the 
waters, and be properly adapted for navigation, if the 
river admits of it •, therefore the bridge ought to be at 
leaft as long as the river is wide in the time of its great- 
eft flood ; becaufe the floping of the water above may 
caufe too great a fall, which would prove dangerous to 
the veflels, and occafion the under graveling the foun- 
dation of the piers, and abuttments. 

To this may be added, by reducing the paflTage of 
the water too much, in time of a great flood, it might 
break through the banks of the river, and overflow 
the adjacent country, which would caufe very great 
damages-, or, if this fhould not happen, the water 
might rife above the arches, and endanger the bridge 
to be overfet, as it has happened in many places. 

When the length of the bridge is equal to the breadth 
of the river, which is commonly the 'cafe, the current 
is leflened by the fpace taken up by the piers, for 
which reafon, this thicknefs fhould be no more than 2f 
neceflary to fupport the arches ; and it depends, as well 
as that of the abuttments, on the width of the arches, 
their thickneis, and the height of the piers. 

The form of the arch is commonly femi-circular ; 
but wjjen they are of any great width they arc made, 
elliptical, becaufe they would otherwife become too 
high ; as has been done at the Pont Rayal^ at Paris ^ 
where the middle arch is 75 feet, and its height would 
have been 37.5 feet, inftead of which, it is only 24 by 
being made elliptical. 

Another advantage of much more importance arifes 
from the oval figure, which* is, die quantity of ma- 
ibnry of the arches is reduced in the fame proportion 
as the radius of the areb i& to its bdght. That is, if 

the 
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the radius b 36 feet, and the height of the arch 24,- 
that is three fourths of the radius, the quantity of 
mafonry of the arthes is likewife reduced to three 
. fourths ^ which muit lefien the expence of the bridge 
confiderab]y. 

When the height of the piers is about fix feet, and 
die arches are circular, experience has (hewn, fays Mr. 
Selidcr^ it is fufficient to make the thicknefs of the piers 
the fixth part of the width of the arch, and two feet 
more ; that is, the thicknefs of the piers of an arch of . 
36 feet, ought to be 8 feet ; thofe of an arch of 48 feet» 
to be 10. 

When the arches become of a great width, the 
thicknefs of the piers may be reduced to the fixth part 
of that width ; but the depreffion of the two feet is not 
done at once ; that is, in an arch of above 48 feet, 3 
inches are taken off for every fix feet of increafe of the 
width of the arch. For inftance^ the thicknefs of the 
piers fupporting an arch of 72 feet wide, fiiould be 14 
leet, according to the preceding rule ; but by taking off 
3 inches for every 6 feet, above an arch of 48 feet 
wide, the thicknefs of the piers is reduced to 1 3 feet 2 
Confequently, by following the fame rule, the thick- 
fiefs of the piers fupporting an arch of 16 fathoms wide, 
will be 1 6 feet ; all the others above that width are 
the fixth part of the width. 

After this, Mr. Belidor gives a rule for finding the 
thicknefs pf the piers which fupport elliptic arches, and 
makes them ilrong^r than the former : The abuttments 
he makes one fixth part, more than die piers of the 
largeftarcL 

It is plain, that thefe rules are merely guefs-work, 
determined from fomc works that have been executed. 
But tho* examples are neceflary to confirm the truth 
of the theory, yet they are not fufficient to form, from 
one or two bridges that have been built, a general rule 
for others of ^different forms or dimenfions, without 
either making fome (Ironger or weaker than they ou^ 

to 
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to be ; befides, granting this rule to be true, yet when 
the piers are 'of any other height, we are quite left in 
the dark j and therefore, it is neceflary to have recourfe 
to theory, in order to find how much the piers are to 
vary in their thicknefs, according to theip height, and 
the width of the arches : But previous to this theory, 
it is neceflary to know, the proper thicknefs of the 
arches at their key-ftones, becaufe that of the piers de^ 
pends partly on it. 

The thicknefs of the arch-ftones, I muft confefs, 
is not to be determined by theory, at leafl that I know 
of; nor do thofe authors who have written on the fubjedl: 
agree amongfl: themfelves; Mr. Gautier^ an experi- 
enced engineer, in his works, makes the length of the 
arch-ftones, of an arch 24 feet wide, 2 feet ; oF an 
arch 45, 60, 75, 90 wide, to be 3, 4, 5, 6 feet long 
reipe^Vively ; when they are hard and durable, and 
ibmething longer when they are of a foft nature ; oa 
the contrary, Mr. Belid&r fays they ought to be always 
one twenty fourth part of the width of the arch, 
whether the ftone be hard or foft) becaufe, if they 
are foft, they weigh not fo much. 

But that the length of the arch-ftones (hould be but 
a foot in an arch of 24 feet wide, 2, 3, ^, in arches 
of 48, 72, 96, feet, it appears to me impoflible -, be-* 
caufe the great weight of the arches would, as I imar 
gine, crufh them to pieces, by the preflure againft one 
another \ and therefore Mr. Gautier*s rule feems to be 
much preferable : As he made the length of the arch- 
ftones to increafe in a flower proportion, from 10 to 45 
feet wide, than in thofe above that width ; we imagine, 
that the latter will be fufficient for all widths, whe- 
ther they are great or little : Therefore in the follow- 
ing computation, we (hal| fuppoie the length of the 
arch-ftones of 30 feet in width to be two feet, and to 
increafe one foot in fifteen, that is, 3 feet in an arch 
of 45 feet, 4, 5, 6, in an arch of 60, ys^ and ^0 feet ; 

and 
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and fo the Teft in the fame proportion ; this being prc- 
tnifed, we Ihall proceed to Ihew how the thickncfs of 
the piers is to be found. 

PROBLEM. 

Plate XXIV; Fig. 4. To find the tbicknefs BC of 
the piers, when the arch is terminated by two 
concentric femi-circks^ and there is a ivallKN 

- aicve the middle of the piers whofe height is 
equal to that of the arch, and its bafe to the dif 
ference between the breadth A D of the pier, and 
twice the thicknefs A G of the arch. 

m 

Let the radius OM pafs through the center of gra- 
vity L of half the arch G E, L K, and L I, perpendi- 
cular to O A and OL ; then if the radius O A of the 
anterior circle be called a, the radius O G of the exte- 
rior one b i their difference A G, i; O K or K L = »», 
n the area G E of half the arch ; the height A B of the 
J>iers f, their thicknefs B C r= %; laftly, let unity be to 
r, as the radius is' to the femi-circumfcrencc -, or, whifh 
is the fame, let r rr: 3.14!^ nearly, then by what has 
been faid in the fecond problem, feftion II. of the firft 

L LL 3^ t bb 
,part-, wchave 4»=:r^p — raa, '^--mtnaA j — , 

4 a-J^b 

gz=:c^2m''^ay and 2ng^^2nz for double the 
momentum of the arch's prefTure againft the pier. 

Now becaufe the bafe R G of the wall above the 
pier is equal to A D «.^ 2 A G, or z — 2 ^, and its 
height RN = i, bz^^^ibd will exprefs the area of 
t\iat wall, and as the line wliich pafles through its cen^ 
tcr of gravity perpendicular to B C bifcds that line \ 
I z will be its diftance from the point fix C •, we have 
ibzz'—bdz for its momentum -, and as the momen* 

turn 
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tum of the pier C A^ has beta found in the above 
cited problem to be ^ nszj. double the fum of theie 
two laft momentums being made equal to 2 ng^^z nz^ 
gives ifZZ'^czZ'^2tdzsz2ng^^2nzy or if we 
fuppofe i'^c=iSj and n — bd^=^sq\ this equation 
bcconfiesj22^-2£tf a =r 2 «^ •, whofe fquare root is a-^ 

REMARK, 

We have fhewn in the fecond fedion of the (irft part, 
after problem the fecond, that on account of the ce- 
ment and roughnefs of the (tones, the weight of the 
arch, or, which is the fame, the area » of G £, Ihouid 
be diminifhed by one third or more, in order to have 
the true momentqm of the arch ; and as in bridges, the 
parts between the arches are filled up with loofe ftones^ 
their weight will be greater in this cafe, . than it would 
be otherwife \ The queftion is therefore to find what 
value ought to be afllgned for », in order to find the 
thicknefs of the piers able to fupporc the preiTure of the 
arch, when it is loaded with this additional weight* 
For fince the fpaces above the arches are iilways iimi« 
kr when the upper part of the bridge is horizontal, 
and confequently proportional to the fimilar parts 
A G F £, and this is nearly fo in bridges ; it is mam* 
feft, that if the whole area A G F £, is taken for the 
value of ff, and the piers are fufficiently ftrong in one 
cafe, it will be fo in all others. 

As the value of n cannot be e(timated fo truly as 
from fome bridge that has been executed, and is look* 
ed upon by the mafters of this art, as a model to go 
by ; fo we ihall make it appear, that if n exprefies the 
whole area AGFE; the thicknefs of the piers will 
come out nearly the fame as thofe of the Pont Royal 
at PariSy which fupport the greateft arch. 

According to Mr. Belidor^ in an arch of 75 feet wide, 
the thicknefs of the piers whofe height is about 6 feet, 

, (hould 
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fliould be 13.59 when the arch is circolar ; and 15 feet 
when it is elliptical, as that of the abovetnentioned 
bridges ; But we have fhewn in the fecond fe6tion, that 
the preflure of an elliptic arch is no greater than that 
of a circular form, on account of the weight being lefs 
in the former than in the latter ; and fince according 
to the problem above, the thickneis of the piers of fuch 
an arcn, is found to be 14 feet, when they are 6 feet 
high, as in thofe oi the PofU Royal ; it is evident, 
that the value of n aflfumed here, agrees with the 
above rule as nearly as can be expefbed. 

Now as Mr. Belidor fays, that his rules are agreeable 
to the praftice of the greatcft mafters in that branch of 
engineering, we may prefume, that the thickneffcs of 
the piers, we have found, will be fufficient in all the 
different cafes that can happen, with this precaution 
however, that the piers are made of ftrong folid ftones, 
laid in the beft and mofl: fubftantial manner. 

It is to be obferved, that the thicknefs of the piers 
here found, are fuch as if there were but one iingle 
arch ; but when there are arches on each fide, the pref- 
fure of the one deftroys that of the other; but as all 
the arches cannot be built together, it is of abfolute ne- 
ceffity, that the piers fhould be able to rcfift the pref- 
fure of each arch, independent of the adjacent ones; for 
which reafon, it is neceifary to build the wall GN 
iabove the pier before the arches are formed, as Mr. 
Labefy has moft judicioufly done at Weftminfter-hridge ; 
for by this means, the arch will be in no danger to fall 
and caufe needlefs expences. As to the parts between 
the arches, and the wall G N, they ought not to be fill- 
ed up till fuch time as the arches on each fide zxi 
finimed. ' 
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The firft horizontal line exprefles the height of the 
piers in feet, from 6 to 24 feet, each increafing by 3 : 
the firft vertical column, the width of arches from 20 
to 100 feet, for every 5 feet. 

The other columns exprefs the thicknefs of piers in 
feet and decimals, according to the refpedive height 
at the head of the column, and the width of the arch 
againft it in the firft column. 

Thus for example, let the width of the arch be 60 
feet, and the height of the piers 1 2 ; then the number 
12.718, under 12, and againft 60, exprefles the thick- 
nefs of the piers, that is 12 feet, and 8,6 inches -, we 
muft obferve again, that the length of the key-ftone 
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is 2 feet in an arch of 30 feet wide ; 3, 4, 5, 6, in an 
arch of 45, 60, 75, 90 ; that of 20 feet wide one foot 
4 inches -, and the length of any other width is found 
by adding 4 inches for every five feet in width. 

As this table contains the thicknefles of piers in re-* 
fped to arches that are commonly ufed in praftice, we 
imagined, that to carry it farther would be needlefs ^ 
befides, if any other arch of a greater width was pro- 
pofed, the ftrength of its piers may be found by the 
foregoing problem, as well as that of any intermediate 
one not inferted here ; or becaufe the difference between 
the thicknefs of the piers of any two contiguous arches . 
is but fmall ; thofe between any two marked here, ^ 
may be made equal to half the fum of the next below 
and above it : thus the thicknefs of the piers of an arch 
52*or 53 feet wide is nearly equal to 10.222, half the 
fum of the thicknefles 9.805 and 10.64 of the arch- 
es 50 and 55 feet wide, when the height of the piers is 
6 feet. 

Redtangular piers are feldom ufed but in bridges 
over fmalJ rivers; in all others, they projeft the 
bridge by a triangular prifm, which prefents an edge to 
the ftream, in order to divide the water more eafily, 
and to prevent the ice from (heltering there, as well as 
veflcls from running foul againft them -, that edge is 
terminated by the adjacent furfaces at right angles to 
each other at Wejiminfter bridge, and make an acute 
angle at the Pont RoyaX of about 60 degrees -, but lat- 
terly the French terminate this angle by two cylindric 
i'urfaces, whofe bafes are arcs of 60 degrees, in all 
their new bridges. 

When the banks of the rivers are pretty high, the 
bridge is made quite level above, and all the arches of 
an equal width -, but where they are low, or for the 
fake of navigation a large arch is made in the middle of 
the ftream, then the bridge is made higher in the mkldle 
than at the ends ; in this cale,' the flope muft be made 
caly and gradual on both fides, fo as to form above 

one 
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one continued curve line, otherwile it appears difagree- 
able to the eye. Mr. Belidor wili have the dcfccnt of 
that flope to be one twenty fourth part of the length \ 
and Mr. Lately fays he made it one twentieth part 
only, which he thinks to be fcarce perceptible ; but 
as fFeftminfier bridge is 1220 feet according to his own 
account; if half this breadth be divided by 20, wc 
fliall find 30.5 for the difference between the height 
of the middle arch and the end of the abutments : now 
if this can be called fcarcely perceptible, I fhould be 
glad to know how for this defcent may be carried, 
fince it is plain, that the flope of IVeftminfttr bridge is 
too much by a good deal^ according to the beft judges ^ 
for the beauty of any bridge con fifts» in that one may 
fee from one end to the other, like a ftreeti if it is pof- 
fible ; on if the nature of the fituation does not permit 
it,* the leaft rifing is the beft; for. which reafon, I 
ihould think that one fiftieth part of the length is quite 
fufficient for the defcent *, whence^ according to this 
rule, the middle arch of the above mentioned bridge 
would be about 1 1 feet higher than the ends of the 
abutment, which, in my opinion, would have looked 
very well. 

It may be faid, that the circumftances would not 
allow fo eafy an afcent, becaufe the arches are circular; 
but if the middle arch, which is 38 feet high, had been 
made elliptical, then that height would have been 
reduced to 28:5 feet, that is, to three fourths of 
the prefent height ; this would have diminiflied the 
height of the bridge by 9.5 ; and befidcs one fourth of 
the mafonry contained in the arches would thereby 
have been favcd, which methinks would have been a 
fufficient inducement to recompcnce the little more 
trouble required to make an elliptic arch inftead of a 
circular one. 

The width commonly allowed to fmall bridges is 30 
feet I but in large ones near great towns, thcfc 30 feet 
are allowed clear for horfes and carriages, bcfides a 
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• 

.banquet at each fide for foot paffengers of &togftit 
each, raifed about a foot above the common road -, the 
parapet-walls on each fide are about 18 inches thick, 
and 4 feec high •, they generally projeft the bridge with 
a cornifti underneath ; fometimes bailuftrades of ftone 
or iron are placed upon the parapet as at B^e/imnfter \ 
but this is only pra6bifed where a bridge of a great 
length is made near the capital of a country. 

The ends of bridges open Tromi the middle of the 
two large arches with two wings making an angle of 
45 degrees with the reft, in order to make their en- 
trance more free and eafy ; thefe wings are fupported 
by the fame arches of the bridge next to thetn being 
continued in the manner of an arch, of which one pier is 
much longer than the other. 

We have before determined the length of the 
key -ftone, but faid nothing of the others towards the 
fpring of the arch ; which were formerly made all of 
the fame length, and the reft of the front-walls finifhed 
with horizontal courfes up to the ^ cordon, and the 
fpandrels or interval* between the arches filled with 
ruble-ftone without mortar j but now the joints of the 
arch-ftones are continued quite up to the cordon, and 
the looie ftones between- the arclies on the infide are 
laid in the dircdion of the fame joints: this way of 
finifliing the courfes of the ftones, both without and 
within, is certainly preferable to the fonmer : but the 
beft and only true method is, to form the outfide 
courfes, in the manner juft now mentioned, and in the 
infide, the arch-ftones continued fo as to form the 
curve, whofe conftruftion has been given in the laft 
problem of the fecondfeftion, part the firft; this* being 
done, and the ftones fo far laid in mortar, they will be 
in equilibVio with each other, as has* been fhewa in that 
feftion ; the reft may be filled up with loofe ftoneS 
having proper bonds as ufuaL . . 
. As the conftrudion of this exterior curve is fo eafy, 
its execution can admit of no difficulty •, but becaufe 
. , . we 



1 



* 



5 



4 • • • 



■I 
i 



Sea. I. FORTIFICATION. 261 

We have not given that when the interior curve is an 
cUipfis, and we have proved that curve to be the beft 
and only one to be ufed in bridges, we muft beg leave 
to refer the reader to the fifth feftion of the third book 
of our mathematical treatife, where it is given ; it was 
through overfight omitted in this work. 

When the upper part of the bridge is finiflied with 
(tones in the manner mentioned above, fo as to form 
one continued curvilinear furface, a bed of fand and 
gravel is laid all over it, of about 6 feet deep, and then 
finiihed with paving the middle pafiage, or with coarfe 
gravel, and the banquets are covered with fiat (tones 
for the foot pafi[engers. 

The fpring of the arches (hould begin at low-water 
mark, that is, that of the middle or greaceft, the reft 
are raifed fomewhat higher, fo as to make the upper 
part of the bridge of the propofed dcfcent, but in a fi- 
tuation where the fwater wells very high in fome par- 
ticular feafon of the year, regard mufi: be had to that, 
and the archea muft be raifed accordingly. 

The firft figure of plate XXIV. is the elevation of a 
bridge with elliptic arches, the fecond is the plan, and 
the third a feftion through the middle of the arch next 
to the abutment; the arches arc 75 feet wide, the 
piers i 2 high, and 1 5 broad \ the angles at the extre- 
mities are right ones, * and reach from the bed of the 
river quite up to the top of the parapet, where they 
form receflcs for paflengers to retire into upon occafion ; 
but the foundation up to the bed of the river is reftan- 
gular, for reafons mentioned hereafter. The feftion 
(hews the wings of the bridge in front, and how the 
arch turns in that place. 

We have thus given all the dimenfions of the feveral 
parts of ftone bridges, (for the moft part deduced from 
a well aflferted theory, and therefore may be depended 
upon, with more fccurity than thofe given by other 
authors) and which are to be neccflfarily known before 
the building of a bridge is undertaken s we (hall now 
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(hew how to proceed in the execution from the begin* 
ning of laying the foundation to the entirely finiihing 
of th^ work. 

How the work is to be carried on. 

As the laying the foundation of the piers is the moft, 
difficult part of the whole work, it is neceflary we 
fhould begin with an eafy cafe, that is, when the depth 
of the water does not exceed 6 or 8 feet •, and thei^ 
proceed to thofe wjiicl^ may happen in a greater depth 
of water. 

One of the abutments with the adjacent piers is in- 
^lofed by a dyke called batardeau by the French^ of a 
fufficient width for the work, and ropm for the work- 
men -, this batardeau is made by driving a doubly 
row of piles, whofe diftance is equal to the depth of 
water, and the piles in each row arc 3 feet from each 
otl)er ; they are fattened together on the outfide by 
bonds of 6 by 4 inches ; this being done, frames of 
about 9 feet wide are plared on the infidc to receive the 
board?, which are to forrp the inclofure, the two up- 
rights of thefe frames are two boards of an inch and 
half thick, (harpenedbelow to be driven into the ground, 
and fattened together by double bonds, one below, 
and the other above, each feparated by the thicknefs 
of the uprights % thefe bonds ferve to Aide the boards 
between j after thefe frames have been driven into the 
ground as hard as can be, then the boards themfelves 
are likewife driven in till they reach the firm ground 
underneath. 

Between every twp piles tie beams are fattened to the 
bonds of the piles to fatten the infidew^U to the outfide 
cne ; thefe tie-beams ^re let into the bonds and bolted 
to the adjacent piles : This being done the bottom is 
cleared from the loofe fand and gravel, by a machine 
like thofe ufed by ballaft-heavers ; and then well pre- 
pared clay is rammed into this coffer very tight and firm, 
to prevent the water from oozing through. 

Sometimes 
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Sometimes thefe inclofures are made with piles only 
driven clofe to each other, at others the piles are notch- 
ed or dove-tailed one into the other : but the moft 
ufual method is to drive piles with grooves in them, 5 or 
6 feet diftant from each other, and boards are let down 
between them. 

This being done, pumps and other engines are ufed 
to draw the water out of the inclofure, fo as to be 
quite dry ; then the foundation is dug, and the ftones 
are laid in the fame manner, and with the fame precau- 
tions as have been mentioned in refpedt to thofe of a 
fortrefs : obferving to keep fome of the engines always 
Handing, in order to draw out the water that may ooze 
through the batardeau. 

The foundation being cleared, and every thing ready 
to begin the work ; a courfe of ftones is laid, the outfide 
all round with the largeft ftretchers and headers that 
can be had, and the infide Hlled with afhlers well joint- 
ed, the whole laid in terrafs mortar : the facings are 
crampt together, and fet in lead ; and fome cramps are 
alfo ufed to faften the facings with the infide. The 
fame manner is to be obferved throughout all the 
courfes to the height of low-water mark -, after which 
the facings alone are laid in terrafs mortar, and the in- 
fide with the beft of the common fort. 

The extent of the bafe of the foundation does not fo 
much depend on the bignefs of the piers as on the 
whole weight of the fuperftrufture, which mcthinks 
has not always been fo much confidered as (hould have 
been done -, for it is faid, that every courfe fhould pro- 
jcft about a foot beyond that which is next above it 
from the height of low- water mark, whether the bridge 
be high or low, the arches circular or elliptic : but as 
every pier fupports two half arches together with the 
weight of the ftones laid between the hanches ; the bafe 
ought to be regulated accordingly, as like wife in pro- 
portion to the height of the pier. When the founda- 
tion is carried to the height of low- water mark, or to 
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jhe height where the arches begin, which ought to be 
either thereabout or at mod two feet above it wheq 
the arches are elliptical j then the fhaft or middle wall 
is to be carried up nearly to the height of the arches, 
and there left {landing till all the piers are finifhed, in 
order that the mafonry may be fufficiently dry and fet- 
tled before the arches are begun» 

As the piers end generally with an angle at each end, 
it is cuftomary to lay the foundation in the fame man- 
ner, which is not fo well as to continue the bafe rcft- 
angulaf quite to the ends of the piers, and as high as 
low water mark ; both becaufe the foundation be- 
comes then fo much broader, and alfo becaufe the 
water will not be able to get under it : for when the 
current fets againft a flat furface, it drives the fand and 
mud againft it, fo as to cover it entirely ; whereas if a 
fliarp edge be prefentcd to the ftream, it carries every 
thing away, and expofes the foundation to the continual 
aftion of the water, which in courfe of time muft de- 
ftroy it. 

The piers being all finiflied, and the mafonry well 
fettled •, the next thing to be done is to frame and fix 
the centers, which ought to be fo folid and ftrong as 
to be able to fupport the great weight of the arches ; 
as their conftruftion is commonly known by workmen, 
and as thofe made ufe of at JVeJlminfter-bridge will be 
explained by Mr. Labely himfelf, we fliall fay no more 
of them than to obferve, that they are fixed at the ends 
upon the projedion of the foundation ; and when the 
arches are very large they are fupported in the middle 
by piles, and they muft be raifed by means of iron 
wedges about 3 inches higher than the arches are in- 
tended to be, in order to allow for the fettling of the 
mafonry, thefe wedges by being loofened gradually 
fcrve to eafe the center, fo that it may only juft touch 
the arch, and fo facilitate the taking it quite away when 
the mafonry is fufficiently fettled. 

The 
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The French engineers fix thin boards on each fide 
with the direftions of the joints marked upon them, 
for the conveniency of working with more fpeed ; this 
appears to be very ufeful, efpecially when the arches 
are elliptical -, they have patterns befides for every 
joint, in order to cut the ftones in a proper manner. 

Thefe preparations being made, the ftones of the firft 
courfe are crampt together, as alfo all thofe of every 
fifth courfe quite up to the key-ftones. All the ftones 
are to be laid in good ftrong mortar, not very thick, fo 
that they may lay as clofe as pofiible, and caufe but 
little fettling : the arch being compl^ated, the center 
is eafed by means of the wedges, but left ftanding till 
the next arch is finiflied ; then it is taken away and made 
fit to ferve for fome other arch ; fo that there are not 
above three centers required to compleat the bridge. 

After the intervals between the arches are filled up 
with ftones laid in a regular manner without mortar, 
and the gravel is laid over them ; two drains or gutters 
are made length-ways over the bridge one on each fide 
next to the foot-path, of about 6 feet wide, and a foot 
deep^ which being filled with fmall pebble ftones, 
ferve to carry oflF the rain-water that falls on the bridge, 
and to prevent its filtering through the joints of the 
arches, as often happens. 

If the fame precautions were ufed here, as have been 
above recommended to prevent water from penetrating 
through arches conftrufted under ground, I ihould 
imagine that this would be much better than the method 
commonly pra£tifed : for when the water pafles through 
the joints of the arch-ftones, as it does at Wefiminfier 
bridge, it has an ill eflTed to the eye, becaufe thoie . 
ftones that are wet, look of a black colour different 
from the reft. 
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How to build in water with C o p f e r s. 

The former method of laying the foundation bjr 
means of bacardeaus is very cxpenlive and often meets 
with great difficulties : for when the depth of water is 
8 feec or more, it is fcarcely poflible to make the batar* 
deaus fo tight as to prevent the water from oozing 
through them, and in that cafe, the number of engines 
required, as well as the hands to work them» become 
very cxpenfive ; and if part of the batardeau (hould 
break by fome extraordinary wind or tide, the work* 
men would be expofed to very great danger. 

7 herefore the next and beft method is to build with 
coifcrs, when it is pra£licable, fuch as were ufed at 
JVeftminfter bridge. Since Mr. Lately promifes to give 
a particular account of their conflru6lion, and the man- 
ner in which they were ufed, we (hall here mention 
fbme few things only, referring the reader for a fuller 
defcription of them to this gentleman's work, a part 
of which has been publiihed fince the bridge* was 
tinifhed. 

I'he height of water was 6 feet at a medium when 
lowefl, and the tide rofe about lo feet at a medium 
alfo -, fo that the greateft depth of water was about 
1 6 feet ; at the place where one of the piers of the 
middle or great arch was to be, the workmen began to 
drive piles of about 13 or 14 inches fquare, and 34 
feet long, fhod with iron, fb as to enter into the gra- 
vel with mopc eafe, and hooped above to prevent their 
fplittingin driving them ; thefe piles were driven as deep 
as iiould be done, which was 13 or 14 feet below th^ 
furface of the bod of the river, and 7 feet diftant fron) 
each other, parallel to the (hort ends of the pier, and 
at about 30 feet diftant from them; the number of 
thefe piles was 34, and their intent to prevent any 
veflelsor barges from approaching the work, and in or- 
der to hinder boats from paffing between them, booms 
were placed fo as to rife and fall with the water. 

This 
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This being done, the baUail-men began to dig the 
foundation under the water, of about 6 feet deep, and 
5 wider all round than the intended cofifer was to be, 
with an eafy flope to prevent the ground from falling 
in ; io order to prevent the current from walhing the 
fand into the pit, (hort grooved piles were driven be- 
fore the two ends and part of the fides, not above 4 
feet higher than low- water mark, and about 1 5 feet 
diftant from the coflFer : between thefe piles, rows of 
boards were let into the groves down to the bed of the 
river and fixed there. , 

The bottom pf the coffer was made of a ftrong 
grate, confifting of two rov^s of large timbers, the one 
long-ways and the other crofs«ways, bolted together 
with wooden trunnels, ten feet wider than the intend* 
ed foundation. The fides of the coffer were made of 
fir timbers laid horizontally clofe one over another 
pinned with oaken trunnels, and framed together at 
(he corners, excepting at the two failant angles, where 
they were fecured with proper irons, fo that the one 
half might be lopfened from the other if it fhould be 
(bought n(^cef|ary ; thefe fides were lined on the infide 
fLs w^U as on the outfide with three inch planks placed 
vertically i the thicknefs of thofe fides was 18 inches 
^t the bottom, reduced to 1 5 above, and they were 
%6 feet high ; befides, knee-timbers were bolted at the 
angles, in order to fecure them in the (trongeft man- 
ner. The fides were faftened to the bottom by 28 
pieces of timber on the outfide, and |8 within, called 
ftraps, about 8 inches broad, and 3 or 4 inches thick, 
reaching and lapping oyer the ends of the fides ; the 
lower part of thefe (traps had one fide cut dove-tail 
falhion, in order to fit the mortifes made near the edge 
of the bottom to receive them, and were kept in their 
places by iron wedges ; which being drawn out when 
the fides were to be taken away, gave liberty to clear 
the Ilraps from the mortifes. 

Bcfor? 
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' Before the coffer was launched, the foundation was 
examined, in order to know whether it was level j for 
which purpofe feveral gauges were made, each of which 
confifted of a ftone of about 15 inches fquare, and 3 
thick, with a wooden pole in the middle of about 1 8 
feet long. The foundation being levelled and the cof- 
fer fixed direftly over the place with cables faftened 
to the adjacent piles ; the mafons laid the firft courfe 
of the ftones for the foundation within it, which being 
finiftied, a fluice made in the fide was opened near the 
time of low-water ; on which the coffer funk to thd 
bottom 5 and if it did notfet level, the fluice was Ihut, 
and the water pumpt out, fo as to make it float till 
fuch time as the foundation was levelled ; then the ma- 
fons crampt the ftones of the firft courfe and laid a fe- 
cond, which being likewife crampt, a third courfe was 
laid : then the fluice being opened again, proper care 
was taken that the coffer ftiould fettle in its due place. 
The ftone-work being thus raifed to within two feet of 
the common low-water mark, about two hours before 
low-water the fluice was (hut, and the water pumpt 
out fo far as that the mafons could lay the next courfe 
of ftone, which they continued to do till the water was 
rilen fo high as to make it unfafe to proceed any far- 
ther ; then they left off the work, and opened the fluice 
to let in the water ; thus they continued to work night 
and day at low-water, till they had carried their work 
fome feet higher than the low-water mark ; after this 
the fides of the coffer were loofened from the bottom, 
which made them float, and then were carried afhore 
to be fixed to another bottom, in order to ferve for the 
next pier. 

It muft be obferved, that the coffer being no higher 
than 1 6 feet, which is equal to the greateft depth of 
water, and the foundation being 6 feet under the bed 
of the river •, the coffer was therefore 6 feet under 
water when the tide was in ; but being loaded with three 
courfcs of ftones, and well fecured with ropes faftened 
J to 
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to the piles, it could not move from its place. By 
making it no higher much labour and expence were 
faved, yet it anfwered the intent full as well as if it had 
been high enough to reach above the higheft flood. 

The pier being thus carried on above low- water mark, 
the mafons finifhed the reft of it during the intervals of 
the tides in the ufual way \ and after all the piers and 
abutments were finifhed in a like manner, the arches 
were begun and compleated as mentioned before : the 
whole bridge was built in about fevcn years, without 
any accidents happening, either in the work or to the 
workmen, which is feidom the cafe in works of this 
nature. 

It may be obferved, that all the piers were built with 
folid Portland ftone, fome of them weighed four tons, 
the arch-ftones were like wife of the fame fort, but the 
reft of the mafonry was finifhed with Kentijh rag-Jlones \ 
and the paths for foot pafftngers were paved with 
. Ptirbec^ which is the hardeft ftone to be had in this 
/ country, excepting Plymouth marble. 

This method of building bridges is certainly the ca- 
fieft and cheapeft that can be thought of, but cannot be 
ufed in many cafes : when the foundation is fo bad as 
not to be depended upon without being piled, or the 
depth of water is very great, with a ftrong current and 
no tide, I do not fee how it can then be^pradlifed. For 
■if piles are to be ufed, it will be next to impoffible to 
cut them off in the fame level five or fix feet below the 
bed of the river, notwithftanding that faws have been 
invented for that purpofe •, becaufe, if they are cut ofi^ 
Icparately it will be a hard matter to do it fo nicely that 
the one flxall not exceed the other in height, and if this 
is not done, the grating or bottom of the coffer will not 
be equally fupported, whereby the foundation becomes 
precarious : neither can they be cut off all together \ for 
piles are to be driven as far as the bottom of the coffer 
extends, which at Wefimnfier bridge was 2 7 feet ; the 
faw muft have three feet play, which makes the total 
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filled a coffer containing 27 cubic feet, with mafonrjr 
made of this mortar, ana funk it into the fea, it was 
there left (landing for two months, and when it was 
taken out again, it was harder than ftone itfelf. Where 
fuch mortar can be made, this method has certainly the 
advantage over all the others, not onlv in building the 
piers of bridges over deep rivers, but likewife in mak- 
ing piers for harbours, and in all other aquatic works ; 
but before it is made ufe of, I would advife the engi- 
neer to make firft a trial of his mortar -, fince works 
of this nature are of too great confequence to be carried 
on without an abfolute certainty of fuccefs. 

We have hitherto mentioned luch Gtuations only where 
the ground is of a foft nature ; but where it is rocky and 
uneven all the former methods prove ineffedual 5 nor 
indeed has there yet been any one propofed that I know 
of, which might be ufed upon fuch an occafion> cf- 
pecially in a great depth of water ; but as an engineer 
ought to know how to proceed upon all occafions, we 
Ihall therefore mention fome few obfervations under 
this head. When the water is not fo deep but that the 
unevennefs of the rock can be perceived by the eye, 
piles ftrongly (hod with iron, may be raifed and let fall 
down by means of a machine, upon the higher parts, 
fo as to break them off piece by piece, tillthe founda- 
tion is tolerably even, efpecially when the rock is not 
very hard -, which being done either this or any other 
way that can be thought of, a coffer is made without 
any bottom, which is let down and -well fecured, fo as 
not to move from its place •, to mike it fink, heavy 
Hones (hou Id be fixed on the outfide -, then ftrong mor- 
tar and ftones mu(t be thrown into it-, and if the foun- 
dation is once brought to a level, large hewn ftones may 
be let down fo as to lie flat and even ; by thefe means 
the work may be carried on quite up to the furface of 
the water. 

But when the water is fo deep, or the rock fo hard 
as not to be levelled, the foundation muft be founded, 
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fo as to get nearly the rifings and fallings ; thea the 
lower part of the coffer muft be cut nearly in the fame 
manner, and the reft finifhcd as before. It muft how- 
ever be obferved, that we fuppofe a poffibility of fink- 
ing a coffer,' but where this cannot be done, no me- 
thod that I know of will anfwer ; and therefore I leave 
it to the judgment and knowledge of the engineer em- 
ployed upon fuch an occafion, in what manner he is to 
proceed. 

Among the aquatic buildings of the ancients none 
appear to have been more magnificent than Trajcufs 
bridge. Dion Cajftus gives the following account of 
it : " Trajan built a bridge over the Danube^ which in 

truth one cannot fufficiently admire ; for though all 
* the works of Trajan are very magnificent, yet this 
** far exceeds all the others : The piers were 20 in 
** number, of fquare ftone ; each of them 150 feet high 
*' above the foundation, 60 feet in breadth, and diftant 
•« from one another 1 70 feet. Though the expence of 
*' this work muft have been exceeding great, yet it be- 
•* comes liiore extraordinary by the river's being very 
** rapid J and its bottom of a foft nature : where the 
*• bridge was built, was the narroweft part of the river 
** thereabout, for in moft others it is double or treble 

this breadth ; and although on this account it becanle 

fo much the deeper and the more rapid, yet no other 
*' place was fo fui table for this undertaking. The arches 
*' were afterwards broken down by jidri an ; but the piers 
** are ftill remaining, which feem as it were to teftify, 
•* that there is nothing which human ingenuity is not 
*' able to efiisft." The whole length then of this bridge 
was 1590 yards; fome authors add, that it was built 
in one fummer, and that yfpollodorus of Damafcus was 
the architeft, who left behind him a defcription of this 
great work. It is a great lofs to the world that his 
defcription has not come down to us, fince it would 
have (hewn both how thefe works w^rc carried on for- 
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merly and how far modern builders arc inferior to the 
antients. 

SECT. II. 
Of Harbours. 

THE making and inclofing harbours with piers, 
fo as to refill the wind and waves for the prefer- 

. vation of fhips in ftormy weather, is one of the moft 
ufeful and neceflary works that can be made in a trad- 

, ing nation, fince the fecurity of their wealth and pow- 
er depends greatly upon it -, for many fhips have been 
caft away, and the lives of many people loft, for want 
of a fecure harbour, which might have been faved for 
a moderate fum of money, had it been properly ap- 
plied. 

Though engineers are not generally employed here 
in England in fuch kind of works, yet it is properly 
their bufinefs -, this may perhaps rather be owing to 
their want of (kill in them than to any thing elfe : but 
fince fortrefles are generally built near the fea or navi« 
gable rivers for the fecurity of trade, and this cannot 
be fecured without building fafe harbours ; therefore it 

. ought to be the particular ftudy of every young engi- 
neer, who is defirous of being ufeful to his country, or 
of diftinguifhing himfelf, to make himfelf matter of 
this branch of bufinefs. 

As it fcldom happens that fuch works are carried on 

. at home, he fiiould attentively examine thofe harbours 
already executed, both at home and abroad, and take 
notice of thor figure, fituation, entrance, wind and 
tide, whether the fhips can go in with fafety in foul 
weather, and out when favourable ; whether it would 
have been better if the entraoce had been made elfe- 
where ; whether the piers are ftrong and folid, or 
want often to be repaired, and in general whether the 

harbour 
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harbour anfwers in every relpc6t the intention for which 
it was built. 

He ought to get information from the inhabitants, 
workmen, or the builder himfelf^ if he is alive; to 
know the reafons for making it of that figure, why the 
entrance is placed in that fituation, how the founda* 
tions were laid, what accidents happened, how long it 
was in buildings what number of hands were employ- 
ed, and what the expences have been. 

Having thus examined as many harbours as he could 
conveniently fee, and having made himfelf acquainted 
with the manner of their building, he will be able to 
judge, when a new one is propofed, whether the fitua- 
tion is proper or not, and how it may be executed in 
the bed and fecureft manner, together with what the 
expences would nearly come to. 

But before a young engineer enters upon praftice, 
he fhould have a proper knowledge of the mathema- 
tics, efpccially of that part which treats of the mecha- 
nical powers and hydraulics, in order to know in what 
manner engines are conftru<5ted and applied to the fe- 
veral ufes they are intended for; this he may obtain 
by confulting thofe authors who have written upon 
them, and by examining the engines themfelves, to 
fee if they anfwerthe intention, or whether they might 
not be improved ; or elfe, if others could not be in- 
vented of a different form, which would be more fim- 
ple, and more expeditious. 

In order to aflift beginners, we (hall fet down here 
the principal enquiries to be made before a harbour is 
executed, the manner of laying the foundation, and 
how the works are to be carried on moft fecurely, in 
the plainefl: and eafiefl manner that we could think of, 
and which has been approved of by moft authors who 
have treated of this fubjeft. 

The firft thing to be confidered is the fituation, 
which may be fome large creek or bafon cf water, in 
or near the place were the harbour is intended to be 
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made, or at the entrance of a large river, or near the 
fea ; for a harbour fhould never be dug entirely out of 
dry land, unlefs upon fome extraordinary occafions> 
where it is impoflible to do otherwife, and yet a har- 
bour is abfolutely neceflary ; when a proper fdace is 
found, before it is fixed upon, it muft be confidered 
whether fliips can lie there fafe in ftorniy weather, cf- 
pecially when thofe winds blow which are moft danger- 
ous upon that coaft; whether there be any hills, rifing- 
ground, or high buildings that will cover it ; in thefe 
cafes the fituation is very proper ; but if there be no- 
thing already that will cover the fliips, it muft be ob- 
fervcd whether any covering can be made at a mode- 
rate expence, otherwife it would be ufelefs to build a 
harbour there. 

1 he next thing to be confidered is, whether there be 
a fufficient depth of water for large fliips to enter with 
fafcty, and lie there without touching the ground, zj\d 
if not, whether the entrance and infide might not be 
made deeper at a moderate expence ; or in cafe a fuffi- 
cient depth of water is not to be had for large fliips, 
whether the harbour would not be ufeful for fmall mer- 
chantmen ; for fuch a one is often of great advantage 
when fituated upon a coaft much frequented by fmall 
coafting veflels. 

The place where the entrance is to be made ought to 
be well confidered •, it ought to be fuch that the fliips 
may enter in foul weather and go out when fair : for 
though fliips may enter when in diftrefs, yet if they 
cannot go out when the wind is fair to purfue their 
voyage and not to lofe their market -, fuch a harbour 
would not anfwcr the end for which it was defigned. 

It is therefore necefifary to confider well the current^ 
tide, and winds, as alfo the banks of fand near about 
it ; and to confult the mafters of fliips as well as the 
pilots who live thereabout, or frequent the coaft : they 
-arc better judges where the entrance fliould be than any 
body elfc j but if it fliould happen that they arc divided 
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in their opinions, as it often is the cafe ; i( will be 
prudent not to determine the fituation of the entrance 
till part of the piers are built, ^nd fufficient obfervations 
made, where it will be moft convenient. 

When a fituation has been found that has all or moft 
of thcfc rcquifite advantages, an enquiry is to be made 
concerning the materials to be ufed in building the 
piers, where they are to be had, if upon the fpot, near 
at hand, or when at a diftance, whether they are to be 
brought by land or water carriage, or partly one way 
and partly the other; their prime coft muft be known, 
the expence for bringing them to the fpot, the time re- 
quired, and the expence of the workmanfhip to make 
them ready for ufe. 

All thefe preparative enquiries being made, the form 
or figure of the harbour muft be determined in fuch a 
manner that the Ihips which come in when it is ftormy 
weather may lay fare, and fo as there may be fufficient 
room for as many as pafs that way : the depths of water 
where the piers are to be built, muft be taken at every 
ten, fifteen, or twenty feet diftance, and marked upon 
piles driven here and there, in order that the workmen 
may be direfted in laying the foundation. 

This being done, it muft be confidered what kind of 
materials are to be ufed, whether ftone, brick, or wood ; 
when ftones are to be had at any moderate price, they 
ought to be preferred, becaufe the work will be much 
ftronger, more lafting, and need fewer repairs than if 
made with any other materials : but when ftones are 
fcarce, and the expence becomes greater than what is 
allowed for building the harbour, the foundation may 
be made of ftone as high as low- water mark, and the 
reft finifhed v/irh brick. If this manner of building 
Ihould ftill be too expcnfive, wood muft be lifed -, that 
is, piles are driven as clofe as is thought neceflary, 
which being faftened together by crofs-bars, and cover- 
ed with ftrong oaken planks, form a kind of coffer, 
which is filled with all kinds of ftones, chalk, and 
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Ihingles, as will be explained more at large hereafter. 

The materials being fixed upon, an eftimate is made 
of the expences ; the number of hands to be employed 
at a time is determined, fo as they may conveniently 
work without interfering with one another ; and from 
thence it may be nearly computed what time will be 
required for compleating the whole work. 

The manner of laying the foundation in different 
depths of water, and in various foils, requires particu- 
lar methods to be followed : when the water is very 
deep, the French throw in a great quantity of ftones at 
random, fo as to form a much larger bafe than would 
be required upon diy land j this they continue to within 
3 or 4 feet of the furface of the water, where they lay 
die ftones in a regular manner, till the foundation is 
raiftd above the water ; they then lay a great weight 
of ftones upon it, and let it ftand during the winter to 
fettle, as likewife to fee whether it- is firm, ^nd refifts 
the force of the waves and winds ; after that they 
finifti the fuper-ftrufture with large ftones in the ufual 
manner. 

As this method requires a great quantity of ftones, 
it can pe pradtifed but in few places where ftones are 
in plenty ; and therefore the following one is much 
preferable. A coffer is made with dove-t^l piles of 
about 30 yards long, and as wide as the thicknefs of 
the foundation is to be s then the ground is dug and 
levelled in the manner defcribed in the laft fedtioo ; 
and the wall is built with Beton mortar, as has been def- 
cribed in the fame fcdion. 

As foon as the mortar is tolerably dry, thofe piles 
at the end of the wall are drawn out, the fide rows are 
continued to about 30 yards farther, and the end in- 
clofed, then the foundation is cleared, and the ftones 
laid as before. But it muft be obferved, that the end 
of the foundation finifhed is left rough, in order that 
the part next to it may incorporate with it in a proper 
manner; but if it is not very dry it will incline that 
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way of itfelf, and bind with the mortar that is thrown 
in next to it ; this method is continued till the whole 
pier is entirely finiflied, 

It muft likewife be obferved, that the piers are not 
made of one continued folid wall ; becaufe in deep 
water it would be too expenfive ; for which reafon,. 
two walls are built parallel to each other, and the in- 
terval between them is filled up with Ihingle, chalk, 
and (tone : As thefe walls are in danger of being thruft 
out or overfet, by the corps in the middle, together 
with the great weight laid at times on the pier, they 
are tied or bound together by crofs-walls at every 30 
or 40 yards diftance, by which they will fupport each 
other in a firm and ftrong manner. For want of thefe 
crofs-walls it has happened not many years ago, that 
the walls of a work were overfet for the fpace of fome 
hundred yards. 

If fuch mortar can be made as what the French call 
Beton, there can fcarcely be found a better method 
than that above for laying foundations in deep water, 
and it may be ufed upon all occafions -, but as fuch 
mortar is not every where to be had without great ex- 
pences-, I imagine that common terrafs mortar, mixt 
with fmall (tones and fome cinders, if to be had, will 
anfwer the purpofe as well -, but the engineer, who is 
to carry on the work, ought to make trial of it before 
he ufes it. 

If the foundation be bad to a great depth, I would 
fink it only about 4 feet below the bed of the river 5 
and lay a ftrong grate of timber, as in thofe of the 
piers of a bridge ; but if it fliould be rocky, a coffer 
muft be made without a bottom, and the under part 
cut nearly with the fame rifings and fallings, according 
to the manner mentioned in the laft feflion. 

In a country where there is a great plenty of ftones, 
piles may be driven in as deep as they will go, at about 
two or three feet diftance, and when the Ibundation is 
funk and levelled, large ftones may be lee down, which 
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will bed thcmfelves ; but care muft be taken to lay 
them clofe, and fo as to have no two joints over each 
other; and when the wall is come within reach, the 
ftones muft be crampt together. ' 

Another method praftifed, is to build in coffers much 
after the fame manner as has been done in building the 
piers of Weftminfier-bridge \ but as in this cafe the ends 
of the coffers are left in the wall, and prevent their 
joining fo well as to be water-tight, the water that pe- 
netrates through and enters into the corps, may occa- 
fion the wall to burft and to tumble down. Another 
inconveniency arifmg from this manner of building is, 
that as there are but few places without worms, which 
will deftroy wood wherever they can find it; by their 
means the water is let into the pier, and confcquently 
makes the work liable to the fame accident as has been 
mentioned above. 

To prevent the inconveniencies of this method, I 
would take the wood away, and joggle the ends of the 
walls together with large ftones, and pour terrafs mor- 
tar into the joints ; when this is done, the water between 
the two walls may be pumpt out, and the void fpace 
filled up with ftone and fhingle as ufual : or if thefe 
joggles cannot be made water-tight; fome dove-tail 
piles muft be driven at each i^nd as clofe to the wall as 
can be done, and a ftrong fail-cloth put on the outfide 
of them, which, when the water is pumpt out, will 
ftick fo clofe to the piles and wall, that no water can 
come in. This method is commonly ufed in Ruffia^ 
as I have been informed. 

Plate XXV. In order to underftand clearly the me- 
thod of building piers, we have given the plan and 
feftion of one of the walls, in thefirft figure, fuchas 
had been propofed for inclofing a harbour, upon a 
chalky foundation ; the water is but 6 feet high when 
loweft, and rifes to 24 when the tide is in. The man- 
ner propofed for building the piers, was to dig the foun- 
dation about two feet deep, which is iufficient for fuch 
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^ ground, and to fink large blocks of (lone of about 
3 feet high, which could have eafily been crampt toge- 
ther at 3 or 4 feet under water ; then to lay another 
courfc of large ftones oyer the firft, and to cramp 
them as before -, the fame thing wa^ to be done, till the 
wall was carried about two feet above low-water mark : 
or if this method of laying the foundation was not ap- 
proved of, to lay it in coffers in the manner rpentioi^ed 
above. 

It was faid, that the funds allowed for building the 
harbour were not fufficient to make the piers entirely of 
ftone; for which reafon, the reft was to have been 
continued with hard bricks, fucb as are called clinkers, 
to about 8 feet high, then a courfe of ftones was to be 
laid of a foot high and crampt together; after this 
bricks were to be laid again to the fame height as be- 
fore, and then another courfe of ftone, this was to have 
been continued quite up to the entire completion of the 
pier- 

The ftone foundation being 8 feet high, that is, from 
two feet under the bed of the water to lov-water mark; 
and from thence to the top being 23 feet ; therefore the 
infidc wall is five feet higher than high-water mark ; 
and as the outfide wall has a parapet of 5 feet high, and 
3 or 4 thick ; this wall is ten feet higher than the wa- 
ter when the tide is in ^ which height was thought ne- 
ceffary, in order to cover the people ftanding there, 
from the water, becaufe the waves rife very high in that 
place, at certain times of the year. 

The walls were to be 28 feet diftant from each other, 
five feet thick above, and the bafe of the flope one fifth 
of the height ; which would have made the thicknefs of 
the piers 34 feet above, befides the parapet, which 
takes up 4, and 50 near the bottom of the water. Ac 
every 30 feet diftance was to be made a crofs or tie- wall, 
of three feet thick, to bind the two walls together ; this 
diftance may be greater near the fhore, where the waves 
have not fo great a force as farther from it; and 
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let them he ever fo great : it is true, that moft.of the 
workmen will think it infuflicient, as having no braces, 
of which they are fo fond, that they think no work 
well fecured without them ; but as I do not efteem 
them neceflary, I have omitted them here. 

In thofe wooden piers I have feen, there was no 
bafe made with fhort piles, fuch as are reprefented in 
the fecond figure ; for the long piles reached from 
top to the bottom, and no dovetail piles were driven 
to fecure the foundation, as far as 1 could find; but 
fmce fuch works ought to be made in the moft fecure 
;manner, and fo as not to want continual repairing ; I 
would advife the direftors of them, to confider well 
the nature of the fituation, as well as the importance of 
the harbour, before they form a fcheme for building 
the piers. 

What has been fakl here in regard to the building of 
piers for harbours will equally ferve for that of quays, and 
all other works made in water ; it muft only be obfer- 
ved, that as quays are often loaded with very great 
weights, the wall muft be made much ftronger than 
thofe of ramparts, which fupport the preffure of earth 
only. But to give fome rule whereby the reader may 
be direfted, I imagine that, if the thicknefs be treble 
that of the wall of a rampart of the fame height, it will 
be fufficient : thus if the height of the quay be lo feet, 
and the bafe of the flope one fixth of the height ; by 
trebling the height 1.5 feet, found in table the firft, 
for the thicknefs above of a wall of the fame height, 
we get 4.5 feet for the thicknefs above of the faid wall 
To fecure thefe walls yet better, piles are driven on the 
infide about 20 feet diftant from the wall, and about 
1 5 feet from each other ; the heads of which are tenon- 
ed into a beam, and others being laid acrofs are let in- 
to this beam at one end, and at the other going 
through the wall are fixed to the fenders on the outfide 
with iron ftraps bolted into thefe beams. 
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SECT. III. 
Of Sluices and Aqjjeducts. 

SLuiCES are made for various purpofes; fuch asto 
make rivers navigable 5 to join one river to ano- 
ther, which is higher or lower, by means of a canal ; 
to raife inundations upon particular occafions, or to 
drain fpots of ground that are overflown by high tides : 
they are alfo made in fortreffes, to keep up the water 
in one part of the ditches whilft the other is dry ; and 
to raife an inundation about the place when there is 
any apprebendon of being attacked. 

Sluices are made diflferent ways, accordmg to the 
ufes they are intended for ; when they ferve for navi- 
gation, they are fhut with two gates prefenting an an- 
gle towards the ftream ; when they are made near the 
fea two pair of gates are made, the one to keep the 
water out and the other in, according as occafion re- 
quires ; in this cafe, the gates towards the fea prefenc 
an angle that way, and the others the contrary way \ 
the fpace inclofed by thefe gates is called chamber. 

When fluices are made in the ditches of a fortrefs to 
keep up the water in fome parts, inftcad of gates, 
ihutters are made, fo as to Aide up and down in 
grooves ; and when they are made to raife an inunda- 
tion \ they are then Ihut by means of fquare timbers 
let down into cullifes^ fo as to lie clofe and firm. 

Particular care muft be taken in the building of a 
fluice, to lay the foundation in the fecurell manner that is 
poflible ; to lay the timber grates and floors in fpch a 
manner that the water cannot penetrate through any 
part, otherwife it will undermine the work, and blow 
it up, as it has fometimes happened : Lailly, to make 
the gatCjS of a proper ftrcngth, in order to fupport the 
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preflure of the water, and yet to ufe no more timber 
than what is neceflary. 

As a general conftruftion is much preferable to parti* 
cular ones, we fhall follow the example of Mr. BelidoTj 
who is the firll that gave one for fluice^ ; but before 
this can be done, it is neceflary to know its width, and 
the depth of water it is to contain, and from thence the 
dimenfions of the feveral parts are determined, as will 
be fhewn hereafter. 

When fluices are made in a canal, or navigable river, 
their width will be known from the fizc of the veflels 
that are to pafs through them, as well as the depth of 
water they require ; when they are made in a fortrefs 
to pen up the water in one part, and to keep the other 
dry, their width is determined by the quantity of water 
that is to pafs through them in a certain time : When 
they are near the fea, or a river where there is a tide^ 
and they are to keep up the water at a certain height ) 
their width and depth are alfo determined from the na- 
ture of the fituation ; and in general, the width and 
depth of a fluice is always known from its fituation^ 
and the ufe it is intended for. 

This being premifed, we fhall give a general con- 
ftrudUon of a great fluice with two pair of gates, in 
fuch a manner as to be applicable to any particular cafe,, 
provided. a proper allowance be made for the va* 
rious circumfl:ances that may happen, in regard to 
thoir ufe and flcuations, which may change fome of the 
parts, as fliall be mentioned in its proper place* 

To conJlruH the Plan of a Sluice. 

^ Plate XXVI. Suppofe half the width O C to be di- 
vided into fix equal parts^ or the whole into twelve 5 
thefe parts ferve for a fcale, whereby the dimenfions of 
the work are determined : through the point O, draw 
the line A B at right angles to O C ; take O B on one 
fide of the point O equal to 30 of thefe parts, or whieh 
h the fame, equal to two widths and a quarter \ through 

the 
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the points A, B, draw the lines AR, AS at right an- 
gles to AB ; let the lines pafling through the point 
C, and parallel to A B, meet thefe laft lines in M, Q^; 
then if MN» PQ^be taken each equal to 9 parts, and 
each of the lines MR, QS equal to 6, the lines* N R 
and PS will determine the wings of the fluice, and 
N P the body. If the lines A R, B S be produced fo 
as the parts R V, S T arc each 6 j they will determine 
the faces. 

The part A B of the length exceeds the other part 
O A by one fourth of the width, becaufe we fuppofe 
a turning bridge is to be placed on that fide for a com- 
munication from one fide of the fluice to the other ; 
but when there is no occafion for fuch a bridge, O B is 
made no longer than O A y and then the total length 
will be but four times and a half the width, which is 
cfteemed by Mr. Belidor the beft length that can be 
given to a great fluice. 

To determine the chamber and the pofition of the 
gates, take CD, O L, each equal to tour parts, and 
draw the lines DG, LH parallel to OC^ then if the 
lines G K, HI be drawn fo as to make the angles 
DGK, LHI, each of 3 5 degrees, and 16 minutes, 
that pofition will be the befi: that can be given, by 
art. 566 of our Elements of Mathematics^ or becaufe a 
linear conftru6tion is preferable to that by angles ; the 
pofition of the lines GK, HI, is determined in the 
fame manner as the line A£ in fig. 7, plate the fifth, 
page 90, of this work. 

The cavities 2, y^ are a foot each way in large fluices, 
and but 9 inches in middling ones ; they ferve tor letting 
dpwn fquare timbers to form a batardeau on each fide, 
in cafe the gates or floor want to be repaired. 

The recefles G ^, H ^ in the wall, are made to re- 
ceive the gates when open, and are of fuch a depth 
that they may be flufli with the wall, and not make 
that part narrower than the reft Qf the fluice. 

U The 
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The thick nefs of the wall from N to P is equal to 
four fifths of the depth of water, the parts RN, PS> 
three fifths, and at V, T two fifths. The counterfort 
W, k determined by producing the lines L H, D G, 
and projeAs beyond the wall by one fourth of the 
width of the (luice. 

Observations on this Construction, 

As we differ in fome parts of our conftruftion from 
that given by Mr. Belidor^ it will not be improper to 
acquaint the reader with the reafons that have induced 
"us to do fo. Firji^ We made the length L D, equal to 
8 parts inftead of 7, to avoid a fubdivifion of pacts; the 
difference of one part being immaterial. 2. According 
to our conftruftion, the length G K of the gates comes 
out to be 7.34 parts nearly ; and as Mr. Belidor makes- 
the lines D K one fifth of the width, the length of his 
gates is 6.46 parts nearly ; but as our conftrudtion giv^s 
the moft advantageous pofition, and that of Mr. Belidor^s 
depends on no fubftantial reafons, we imagine" that the 
difpofition here given is preferable to his : It is true, 

' he has endeavoured to prove that his pofition is that 
which the gates ought to have, but all his reafoning is 
grounded upon wrong fuppofitions; befides as the length 

• of our gates does not differ above 38 inches in the 
largeft fluice that is made, from the length he gives, 
we imagine that this difference is more than recom- 
penced by the true pofition. 3. Mr. Belidor makes 
the lines M R, QS, 7 parts inftead of 6, which differ- 
ence is very little. 

As to the thicknefs of the fide-walls, Mr. Belidor 

' makes it equal to the depth of water in the fluice, in 
order, as he fays, that they may be fo ftrong as to re- 
fift in all accfdcnts that can happen ; befides, he adds 
five counterforts on each fide, their length is equal to 

' the thicknefs of the wall,, and the mean thicknefs five 
eighths of their length. 

It 
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It is certain, that in conftruding fuch works as thefe, 
particular care (hould be taken to make them flrong 
and durable, yet it ought to be confidered, that by 
making ufe of more mafonry than is necelTary, it en- 
creafes the expences confiderably, and therefore all ex« 
cefles fhould be avoided. 

Now the proper thicknefs of thefe walls may be de- • 
termined in the fame manner as that of thofe which 
fupport earth, by comparing the fpecific gravity of wa- 
ter to that of ftone or brick j but it muft be obferved, 
that the triangular fe£bion of water has its bafe at the 
bottom inftead of being above, as in the fedlion of 
earth : by this method it wi)i be found, that if the 
thicknefs of a ftone wall be four fifths of the depth of 
the water, as we have made it, it will be able to fupport 
a preflure four times greater than that of the water ; 
which in my opinion is fufficient upon all occafions 
whatfoever : but when the wall is made of brick, its 
thicknefs muft be equal to the depth of water, in order 
to have the fame ftrength. 

Hence it will be found, that the quantity of mafon* 
ry contained in a fluice, according to our conftrudion, 
is to the quantity according to Mr. Belidor^s^ as 542 to 
723, or as 3 to 4 nearly ; therefore, if one fourth of 
the mafonry can be faved, as it appears by what has 
been faid, without making the walls too weak, the 
method we propofe has greatly the advantage of that 
given by Mr. Belidor. 1 

It may be obferved, that the walls have been fup- 
pofed to have no flope, but in pradice they have, or 
ought to have one on theoutfide, and as there is likewife 
the preffure of the earth, which helps to fupport the 
wall ; by thefe means its refiftance is ftill greater than 
we have fuppofed it to be. 

It muft alfo be obferved, that as the width of the 
fluice is divided into as many parts as there are inches 
in a foot ; each part will be as many inches as the 
width b feet *, fo tiiat when the width of a fluice is 

U 2 given 
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given in feet, the value of each part is known ; thus 
if the fluice is to be 42 feet wide, each part will be 42 
inches, or 3 feet 6 inches, and lb in any other cafe. 

When a fluice is built in a place where a great quan- 
tity of water is to pafs, two or more pailages are to be 
made ; that is, two or more fluices are built at the fide 
of each other ; thefe pafiages have fometimes the fame 
width, and at others not, according to the circum- 
ftances that render them more ufeful one way than 
another. 

Whence in a fluice that fervcs to form an inundation, 
or to keep up water, thefe paflTages are made of an 
equal width •, but in canals and large rivers that ferve 
for navigation, the one is made fo wide as that large 
veflels may go through it, and the other ferves for 
fmaller velTeis. This has been done in the canal at 
Mardicky where the largeft is 44 feet, and of confe- 
quence wide enough for the fecond rate of men of war 
to pafs through it, and the other is 24 feet, which 
fervcs for fmaller veflels. 

Of the Timber-grates under the Floor and 

Foundation. 

If the foundation be bad, we fuppofe piles to be 
driven under the croflings of the fleepers m^ and the 
tie-beams if, in the manner mentioned in the feventh 
feftion of the third part; and to prevent the water 
from getting under the foundation, fix rows of dove- 
tail piles are driven, viz. one at each end, one at each 
of the angles N, P, marked p, and one on each fide of 
the chamber ; and it mull be obferved, that excepting 
thofe at the angles N, P, the reft are all driven between 
two fleepers, in order to keep them tight and clofe to- 
gether. The fleepers and tie-beams are partly let into 
each other, and bolted together ; but before this is done, 
the loofe earth is removed from between the fleepers tor 
about two or three feet deep, and filled up with ma- 

fcnry 
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fonry before the tie-beams are laid : this mafonry is car- 
ried on fo, as that when a bed of mortar is laid over it^ 
it may be even with the upper furface of the flecpcrs ; 
then the infide of the fluice is covered with a floor of 
three inch thick oaken planks^ laid long*ways, and nailed 
to the fleepers ; this floor extends a few inches on each 
fide over the foundation of the fide- walls, to prevent the 
water from penetrating through the edges of the floor. 

Bricks are ufed preferably to fmall ftones, to fill up 
the parts between the grating, as lying much clofer, 
and filling up every part exaftly ; they are laid in ter- 
rafs mortar as well as the reft of the foundation. - This 
being done, the frames made to fupport the gates at 
the bottom, are laid in their proper places, which are 
compofed of a fell r, two hurters j, twt> braces v, 
and a tong /. The fell enters about' three feet into 
the fide-walls, and the focketsto receive the pivots 
of the gates are placed in it ; the tong ought to be fo 
long as to cro(s three fleepers, to which it is faftened 
in a ftrong manner. The fell, tong, and the hur- 
ters, ought to have the fame dimenfions, and their 
height muft be fuch as to be a foot above the laft floor 
of the fluice, as well as the floor of the chamber ; for 
which reafon, the piles under the chamber are left a 
foot higher than the reft. 

After this another row of fleepers is laid €xa£k\y over 
the flrft, and a row of tie-beams, (b as to anfwer like- 
wife thofe underneath ; which being let into one ano- 
ther, and bolted together as before, and the vacancies 
between them being filled up with mafonry, and a bed 
of mortar laid over it, fo as to be even with the upper 
furface of the fleepers ; then a fecond floor is laid, of the 
fame dimenfions and extent with the former ; and when 
this is done, the fide walls are built in the manner 
which will be mentioned prefently. 

Upon the fecond floor is laid another of two inch 
thick planks only, which does not enter the wall, in 
order that it may be repaired when it is wanted. This 

a 3 laft 



294 PRACTICAL P^rt IV, 

lail floor may be made of yellow deal, and its feam^ 
muft be well caulked to prevent the water frpm pencr 
(rating through them. 

The walls muft be made about three feet higher than 
the greateft depth of water, to prevent the waves from 
paffing over them ; the facings are m^de with the lar- 
geft ftretchers and headers that can be had, laid in ter- 
rafs mortar, and crampt together 5 the reft of the work 
k done with good common mortar. 

The foundation muft be made larger than the wall, 
and in proportion to the weight it is to fupport, and 
the top muft be covered with large flat ftones or bricks 
fet long-ways laid in terrafs mortar, to prevent the water 
from penetrating into the mafonry, which otherwife 
would deftroy it in a fliort time. 

When the wall is finiflied, a bed of clay is rammed 
againft it of two feet thick all round the outfide, be- 
ginning as low ^s the foundation, and raif^d as high a$ 
the wall. 

To'prevent the water from carrying off the earth by 
its fall, at the ends of the fluice a faUe floor of fafcine^ 
is made of as many fathoms long as the water in the 
fluice is feet high; this bed or falfe floor is funk into 
the ground as far as is found ncceflary •, but firft of 
all a bed of clay is laid, and well rammed, then beds 
of fafcines are laid long-ways, and fattened with pic- 
kets ; when the fafcines are nearly level with the floor 
of the fluice, pickets are driven acrofs in rows three 
feet diftant from each other, reaching a little above the 
fafcines, and about each row two branches or poles are 
twifted of about an inch diameter, fo as to crofs each 
other between the pickets, which being beat down 
with a mullet, will keep the fafcines very clofe and tight 
together ; the cavities between thefe rows of pickets 
and branches are filled up with a pavement of hard 
ftones a foot long, fct long-ways, well beat down, fo 
11$ the current may not tear them open. 

For 
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For a greater fecurity, a row of dove-tail piles is 
driven at each end ; and it may be obferved, that both 
floors muft have a gradual defcent from the chamber 
of about a j^Sth part of the length, in order that the 
water may run oflf clear, when the fluice is laid dry, 
and any repairs are wanted to be made. 

Aquedudts are fometimes made in the (ide-walls 
going round the chamber, and coming out before the 
gates, in order that the water may pafs upon occafion 
from one fide of the fluice to the other, without being 
obliged to open the gates ; they have a Ihqtter near 
each end, that Aides in grooves, which are drawn up, 
or let down, when there is occafion for it. But as wick- 
ets are commonly made in the gates, which may ferve 
for the fame purpofe, unlefs on fome occafion where 
the chamber is required to be left dry, and yet it is abfo- 
lutely neceflary that the water fhould pafs from one 
fide to the other •, we have therefore not marked them 
in the plan, but they may eafily be made whenever 
|t is thought proper. 

The crofs-fedion fliews the pofition of a row cJf piles, 
and the fleepers above them into which they are tenon- 
ed i the feftions of the tie-beams ; the floor between 
them ; the fell, and the two floors above it ;. there 
is alfo feen a row of dove-tail piles, broken off id the 
middle, in order to fee part of the mafonry ^, ^, be- 
ween the pilps and under the fleepers. The outfide of 
the gates are likewife feen in this feftion ; how the 
planks are joined to the frame ; the ftiutters Xj x^ 
^nd the irons both of the gate and fliutters. In the 
conftruftion of gates, particular care fliould be taken, 
to join the feveral pieces' together in fuch a manner, 
that the whole frame may be as ftrong as pofllble, and 
not to make them heavier than needs muft Be, to pre- 
vent their finking, which is not eafily done in large 
fluices -, nor yet too weak, for fear of their not being 
able to fuftain the great preflTure which is againfl: them. 

U 4 The 
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The principal frame of a gate conGfts of two ftilea 
or uprights ; that which is next to the wall and to 
which the pivots are fixed, is called the pivot-poft, and 
the other the chamfered fl;ile, from being edged off on 
the infide, fo as to make a plain joint with the other 
gate : thcfe two ftiles are joined by two rails which arc 
tenoned into them. The other pieces, which are not 
feen in this feftion, but ferve toftrengthen the gate, con- 
fifts of feveral rails placed not nearer to each other than 
inches, norfanher than 30^ and of feveral braces which 24 
form the fame angle with the pivot-poll as the joints 
of the planks on the outfide, and they are tenoned in- 
to the rails ; laftly, of two monions or fhort uprights 
to form the wickets. 

As it is too nice a calculation to find the proper 
ftrength of each piece in fuch a manner as may be de- 
pended upon in practice, we (hail give their dimen- 
iions, futfh as are inferted in Mr. Belidor^s works, an4 
which, he fays, have been taken from thofe moft ap- 
proved of in praftice. 

The pieces of the principal frame are generally made 
of the fame dimenfions, though fome will have the 
chamfered-ftile lefs than the pivot-poll, and the rails to 
diminifh gradually -, and others fay that the gates (hould 
be ftronger below than above, on account that the 
preiTure of the water is the greatcft there; but as the 
gates are fupported below by the hurters, that diminu- 
tion ought rather to begin at about one third of the height 
diftant from the bottom. However, we (hall fuppofe 
the pieces of the principal frame to be of the fame 
dimenfions, which are as toUows. In all fluiccs from 
8 to 12 feet wide, the pieces of the principal frames are 
to be 8 inches thick, and 10 broad ; the intermediate 
rails 6 by 8 ; the braces and monions 4 by 6 ; and the 
whole covered with two-inch thick planks as well as all 
the gates of fluices under 3 7, feet wide. 

In fluices which are from 13 to 18 feet wide, the 
pieces of the principal frame are to be 10 by 12 inches j 
the intermediate jails 8 by 10 ; the braces and monions 

4 by 
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4 by 6. In fluices from 19 to 24 feet wide, the pieces 
of the principal frame are to be 12 by 14 inches ; the 
intermediate rails 10 by 12; the braces and monions 5 
by 7. In flqices from 25 to 30 feet wide ; the pieces 
of the principal frame are to be 14 by 16; the inter- 
mediate rails 12 by 13 ; the braces and mbnions 6 by 
8. In fluices from 31 to 36 feet wide; the pieces of 
the principal frame are to be 15 by' 17 inches j the in- 
termediate rails 13 by 14; the braces and monions 7 
by 9. It muft be obferved, that when the gates are 
very high, the middle rail is made of the fame dimen- 
fions as thofe in the principal frame. 

In all fluices from 37 to 42 feet wide, the pieces of 
the principal frame are to be 16 by 18 inches; the in- 
termediate rails 14 by 16; the braces and monions 7 
by 9 ; and covered by planks of two inches and a half 
thick ; or rather with two rows of planks of that thick- 
nefs, in order that the feamsof the under row may be 
covered by the upper one. Laftly, in all fluices which 
are from 42 to 48 feet wide, the pieces of the principal 
frame are to be 1 8 by 20 inches ; the intermediate 
rails 15 by 18 ; the braces and monions 8 by 10; co- 
vered by plants of two inches and a half thick as be- 
fore. 

It may be obferved, that thefe dimenfidns depend 
on the width of the fluice only ; the depth of the water 
has not been confidered, though it fliould have been 
done ; fince the greater that depth is, the preflure is 
likewife the greater, when the rcfl: is the fame ; con- 
fequently the dimentions here given muft be increafed 
in great depths, and diminiflied in fmall ones. 

As to the number and ftrengch of the irons in the 
gates of a fluice, they ought to be in proportion to the 
largcnefs and weight of the frame ; the principal ones 
in fmall fluices are reduced to two ftraps, which ferve 
to bind the under and upper rails to the pivot-poft, 
which they embrace on both fides ; they arc let into 
the wood, fo as to be even with the furface of the gate, 
and fattened with 5 or 6 iron boles riveted with burrs, 

or 
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or with rings andkeys ; thefe ftraps ought to be about 
one third of the width of the gate. Sometimes the 
chamfered'ftile is bound to the rails above and below, 
with ftrait ftraps like the former, but ofcener with bent 
ones, fuch as are reprefented in the fe&ion, one on each 
fide, bolted together in the fame manner as the former. 

When the gates belong to a large fluice which con- 
tains a great depth of water, die middle rail is likewife 
bound to the pivot-pod, and the chamfered-ftile by two 
ilraps in the form of a T, both within and without, 
bolted K^ether as b^fqre ; and when the gates are very 
large, two (traps are yfed to fallen the upper rail to the 
pivot'poft, becaufe the greateft ftrefs lies in that part; 
and to fecure it (till more, another (trap is bolted upon 
the edge of the upper rail, and bent againlt the pivot- 
po(t \ this laft (trap is of greater ufe to keep the gate 
from finking than any other, for which rcafon, it is 
feldom omitted, wl^ether the gates be fmall or large. 

The various contrivances that are mad^ to open and 
fhut the gates, require fome notice to be t^en of 
them \ but as in fo fmall a work a^ this, it is not podi- 
ble to give a compleat defcription of every particular 
part J they therefore mu(t be left to the fagacity and 
prudence of the builder. It mult be obfcrved, that as 
the wickets are made to let the water into the chamber 
before the gates are opened, in order to eafe them from 
the great prefllire of the water on the outfide ; there 
feems to be no reafon for placing them fo low, nor fo fa^* 
from the pivot-poll as is commonly done ; for provided 
they are low enough to let in fo much water as will rife 
to the fame level within as it is without, it will be fuffi- 
cient; confequently the lower part of the wickets 
(liould never be below the middle height of the water 
without, whereby the weight of the irons will be dimi- 
nifhed. And the nearer the wickets are to the pivot- 
polls, the lefs the preflure would be upon the gates, 
when the wickets are to be opened ; befides, all polTible 
means fnoHid be ufed, to ligh:en the farther end of the 
4 g^tcs. 
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gates, to prevent their finking, which they will do ne- 
verthelefs, efpecially when they arc large : this how- 
ever may be remedied, by placing brafs-caftcrs under 
them, at about two thirds of their width from the pi- 
vot-poll } but then a piece of timber mull be placed 
ypon the floor, of a circular form, for the roller or 
caller to move upon. 

Sometimes the gates of large fluices are made in the 
form of a part of a cylindric furface, whofe bale is a 
twelfth part of a circle ; this is done in view to llrength- 
^n the gates againll the prelTure of the water ; in fuch a 
cafe the curve of the rails mull be natural, and ac- 
cording to the grain of the wood, otherwife the gates 
will become weaker inllead of being llronger-, I1 nee a 
fcantling cut acrofs the grain of the wood will always 
be weaker than any other of the fame dimeofions, and 
the fame kind of timber. 

- Various methods are ufed to Ihut fluices under twen- 
ty four feet wide : in fluices from ten to fifteen feet 
wide, a Angle gate is made, which is fometimes 
opened by means of a capllahe ; at others the upper 
rail of the gate is made fo as to go beyond the 
pivot-poll, and from thence made much thicker and 
heavier, to be a kind of a counter- balance to the gate ; 
the end of which being prefled downwards by feveral 
people, and then turned round, opens the gate eafily. 

Sometimes (ingle gates are ufed of a much larger fize 
than the former -, thefe gates have their pivot- poll near- 
ly in the middle -, fo that the largell part of it turns to- 
wards the llream when the gate is to be opened, and 
the leaft the contrary way. The pivot-poH muH be 
placed in fuch a manner, that the preflure of the water 
againll the largcH part may keep the gate Ihut clofe, 
and at the fame time that there may not be too great 
difficulty to open it. It has been found by experience, 
that when the preflure againll the largell part exceeds 
that againll the leflTcr, by one fixth part, it is fufficient ; 
whence it is eafiiy proved from the known principles 

of 
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of hy droftatics, that if the width of the fmalleft part is 
to the width of the largeft, in the proportion of 1 2 to 
1 3, , it will anfwcr the feid proportion of the preflure. 

Thefc gates arc certainly the mod convenient that can 
be ; but as there muft be laid a ftrong timber acrofs the 
fluicc to fupport the upper pivot, no veflcls that have 
mails can pafs through them j for which rcafon, they 
cannot be ufed but in flgices that ferve to keep up the 
water for raifing an inundation, or in thofe that are 
built at the entrance of a canal, which runs into a har- 
bour, for the fake of clearing and carrying away the 
fand and fhingle that have been driven in by the tides. 

Wickets have been made in this manner, and found 
very copveniehtj becaufe the great preffure of the wa- 
ter agai^ft the common fort, makes their opening very 
troubiefome; whereas this fort are opened and ftiuc 
with great eafe, and very little labour. 

Sometimes fluices are made in fortrefles at the fide of 
ftone- bridges 5 this is done by making the piers to 
projeft beyond the bridge, and in the projefted part 
cullifes are contrived fo as to let down fquare timbers, 
which being kept clofc and tight, the water may be 
raifed to any height : in Ihort, many other forts of 
fluices are made upon various occafions, which i^. 
would be inconvenient to mention in this work, 

Of A Q^U EDU C T S, 

The intent of aquedufts is generally to bring water 
from a fpringor river to a town, but they are likewife 
ufed to carry canals over low ground, and over brooks 
or fmall rivers: they are built with arches like a bridge, 
only not fo wide, and are covered above by an arch to 
prevent duft or dirt from being thrown into the water. 
The ancient Romans were remarkably curious in thefe 
forts of works, for they not only fupplicd all the parts 
oi Rome with water for common ufes, but likewife for 
a great number of public baths ; and that nothing 
might be wanting, created a public magiftrate, whofe 

only 
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only bufinefs was to take care of them, either to repair 
thofe already made, or to conftrufl: new ones where 
they were wanted ; Ibmctimes the fame work ferved for 
both a bridge and aquedud; then the water was led 
through two covered canals, one on each fide of the 
road tor carriages. 

As thcfe kinds of aqueduiSls differ very little in their 
conftrudtion from common bridges, of which we have 
treated before, we ihall not enter into any particulars 
here concerning them^ but when a canal is to pafs 
through a country croflcd by rivers, it muft be obfcr- 
ved how high, in refpeft to the bottom of the canal, 
the water rifcs at the time of its greateft flood, in order 
to know whether thefe waters can be carried under the 
bottom of the canal by means of aqueducts, and have 
yet a fufficient declivity to run off. 

The fame thing is to be obferved in regard to thofe 
arifing from the rains and the melting of the fnows, 
which when led into a ditch made along the higheft 
fide of the canal, may from thence be carried off to the 
other fide underneath the canal : Thefe waters fhould 
never be carried into the canal, unlefs it be impra<5li- 
cable to do otherwifc. 

It requires great precaution, as well as circumfpeftion, 
in determining the place of aquedu£ts, fo as to give them 
fufficient room when they have but one paflage, which 
is to be widened at the entrance, and at the outlet in 
a proper manner : if there be not a fufficient depth 
to conftrufl one of fuch a ' bignefs, as the quantity 
of water that is to pafs requires, two or more 
paffages muft be made at the fide of each other, to pre- 
vent an inundation, that otherwife might cnfue ; but it 
muil be obferved, to make them in fuch a manner as 
to be eafily cleared from the fand and mud depofitcd 
there by the water, for want of its having a fufficient 
velocity. 

Therefore, when the water on both fides is nearly level 
with that in the canal, it muft be avoided as much as 

poffible, 



